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FOREWORD

Business data processing is a very real and important part of the business
education offerings in many secondary schools today.

During the early stages of offering data processing on the secondary level
many persons, including some business teachers, felt that this area was too sophis-
ticated and that its institution into the curriculum was ill fated. We are proud that
in Virginia these fears have been proven wrong. Businesses are now hiring our
graduates in positions that were, a few years ago, reserved for college-trained
persons. We feel that this success can be directly attributed to the fine job that
the business teachers are doing.

In an effort to help business teachers in Virginia continue to do an outstand-
ing job, this Curriculum Guide has been prepared to serve as an aid to all teachers
of Business Data Processing.

We hope that it will be a useful guide in giving proper direction and emphasis
to instruction. It is hoped that this guide will serve to motivate teachers in plan-
ning, executing, and evaluating the teaching and learning processes in business data
processing.

WOODROW W. WILKERSON

Superintendent of Public Instruction

GEORGE S. ORR

Director of Vocational Education
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INTRODUCTION

Because data processing programs vary greatly among high schools, every
effort has been made to produce a Course of Study which could be adapted to as
many as possible. For those schools offering courses using unit record equipment,
there is a detailed section covering all aspects of wiring and operation. For those
programs utilizing computers, two new sections have been added which outline
the programming languages of COBOL (Common Business Oriented Language)
and RPG (Report Program Generator).

It should be obvious that this Course of Study cannot serve as a complete
teaching text, particularly for the. programming sections. First, such total coverage
would require at least four volumes. Second, there are enough variations in the
programming languages among various computers that references to manufac-
turers' manuals are absolutely necessary anyway.

An attempt has been made to give a complete outline for a high school-level
course in both COBOL and RPG. In addition to the outlines, there are narrative
explanations arranged in basically the same order as the outlined items and in
logical teaching sequence. Problem exercises (located in Division XXXV for Unit
Record and Division XXXVI for Programming) are suggested at points where
the student should have reached an understanding level sufficient to complete them
satisfactorily. Wherever there are instruction variations peculiar to a variety of
machines, the narrative section makes reference to the manufacturers' manuals.
Overhead projector foils for both unit record and programming instruction are
located in Division XXXVII. Transparencies may be made from these foils.

RICHARD H. ROBERTSON, Principal Author
Director of Data Processing
I. Sargent Reynolds Community College

A. LEE HALL, Editor
Department of Information Systems
Virginia Commonwealth University
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PART I

INTRODUCTION TO DATA PROCESSING

DIVISION I: INTRODUCTION

A. Units of Instruction

1. Types of Data Processing

a. Manual
A manual data processing system was the
first method of manipulating information.
Data was processed by making marks in
the sand, on a side of a tree or on a wall.
Any type of handwritten material is a
part of a manual system.

b. Mechanical

Typewriters, adding machines, calculat-
ors and bookkeeping machines are ex-
amples of mechanical methods of proc-
essing data. The devices were developed
to process data with greater speed and
accuracy.

c. Electro-mechanical (unit record)
Electro-mechanical equipment was first
developed by Herman Hollerith and
James Powers to process census data.
Data is recorded in a card by a coded
pattern of holes. These cards can then
be processed by several machines de-
signed to "read" the data stored in the
card. Each machine operates indepen-
dently of the other.

d. Electronic (computer)
The representation of data by electric
impulses allows for fast, accurate proc-
essing of data. The computer also has
greater flexibility than a unit record sys-
tem. The unit record system is limited
to cards and a printed report as input
and output media. The computer allows
a wide variety of input and output media.
In addition, unlike unit record equip-
ment, the equipment for the computer
system is all under the control of one
unit.

(1) Digital compute rA computer
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which operates upon discrete (abso-
lute) data by performing arithme-
tic and logical operations on the
data. This type of computer is used
in most business applications.

(2) Analog computerA computer that
operates on data represented in the
form of continuously variable physi-
cal quantities (e.g., voltage) by per-
forming physical processes on the
data. The analog computer usually
approximates answers and conse-
quently is used for scientific prob-
lems.

2. History

Over the history of mankind, man has rea-
lized the need for aids in the processing of
data and has developed many devices for
making these processes easier.

a. Abacus

The abacus was one of the earlier de-
vices which was developed to aid in cal-
culations. It is a device which uses ten
beads on a string. There is one string for
each digit position of the number, units,
tens, hundredths, etc. The abacus was
used mostly for addition and subtraction;
however, multiplication and division
could be done as well. (Multiplication is
done by repeated addition. Division is
executed by repetitive subtraction of the
divisor from the dividend. The process is
continued until the dividend is zero or
less than the divisor. The number of
subtractions determines the quotient.)

b. Pascal's Adding Machine
Blaise Pascal, of Paris, invented the first
mechanical digital calculator in 1642.
This early adding machine used a series
of wheels which were turned to one of
ten steps. There was one wheel for each
position in the number. The first wheel
represented the units position, the second



tens, etc. There was also a carry lever to
operate the next higher digit wheel.

c. Joseph Marie Jacquard's Loom
In 1801, Joseph Marie Jacquard, a
Frenchman, developed a textile loom that
would weave intricate designs into cloth.
This machine's new feature was its ability
to follow a set of instructions which had
been punched into cards.

d. Punched Card Equipment
The principle of the punched card was
first applied to data processing by Dr.
Herman Hollerith. Dr. Hollerith de-
signed a machine in 1887 to help proc-
ess census data. He was a statistician
with the U. S. Census Bureau and rea-
lized the need to proccss faster the data
which had been collected. This equip-
ment was first used in the 1890 census.
The previous 1880 census took seven
and a half years to process with a popu-
lation of 50 million. The 1890 census,
through the use of Hollerith's equipment,
took only two and one-half years to proc-
ess although the population had grown to
63 million. Hollerith's first machine
used paper strips similar to a player
piano. These were soon found to be im-
practical and a standard size 3" x 5" card
soon took its place. Hollerith organized
the Tabulating Machine Company to
develop and produce his machines. This
company merged with another company
and eventually became International
Rosiness Machines. IBM still uses the
same code of punched holes and the
same basic concepts of machine opera-
tion in its machines today.

e. James Powers' Punched Card Equipment
The Director of The United States Cen-
sus Bureau, S. N. D. North, wanted
equipment with still greater processing
speed. Mr. North engaged James Pow-
ers to develop the equipment since Dr.
Hollerith had left the Census Bureau. In
1908 Powers developed equipment which
would process a 20 column card.

Powers formed the Powers Account-
ing Machine Company in 1911. The

2

company grew and merged several times
with other organizations and is now Uni-
vac.

f. Computer Concept
Another important individual in the de-
velopment of modern data processing
was Charles Babbage. Babbage at-
tempted to build a machine capable of
computing mathematical tables automati-
cally. He managed to complete a model
of this machine, his "Difference En-
gine," in 1882 after ten years of work.
His new machine received a great deal
of attention and the Royal Society and
the British Government agreed to sub-
sidize the building of the machine. The
machine was never finished because of
Babbage's interest in building a general
purpose machine. Because of Babbage's
shift of plans the government withdrew
its support.

The new machine, which he had
hopes of completing, was called the
"Analytical Engine." Babbage's new ma-
chine was designed and partially built.
The machine would have an arithmetic
unit designed to perform calculations and
a storage unit which would supply the
data to be processed by the arithmetic
unit. There would also be a control unit
to coordinate the other two units. This
machine was important because these
same basic principles are still used in
computers today. Babbage died in 1871
without completing his project, but his
plan would have produced the first digi-
tal computer. Because of this, Charles
Babbage is known as the "father of the
computer."

Mark I Computer
The first successful general purpose digi-
tal computer, the Harvard Mark I, was
built by Professor Howard Aiken of
Harvard. The Harvard Mark I was com-
pleted in May of 1944 and was pre-
sented to Harvard. It is still in working
condition.

g.

h. ENIAC
In 1945 Mr. John W. Mauch ly and J.
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Prcsper Eckert designed and built the
Electronic; Numerical Integrator and Cal-
culator (ENIAC). It was used at the
Aberdeen Proving Grounds in Maryland,
and it was completely electronic except
for its input/output mechanism. The
computer weighed almost 30 tons and
containcd more than 18,000 vacuum
tubes. It was designed to solve ballistics
problems. Previously, control functions
were performed by the slow movement
of switches but these were replaced by
the vacuum tube. This development "made
computations a thousand times as fast as
those performed previously.

i. Univac

The Univac (Universal Automatic Calcu-
lator) was manufactured by Sperry-Rand
Corporation. It is considered to be the
first completely automatic data process-
ing system. It was first used by the Bu-
reau of Census in 1951.

1. Computer of today

The computer of today has many ad-
vancements over those described previ-
ously. Magnetic core rings, thin-film
memory and integrated circuits used now
are results of today's advanced tech-
nology. Computer systems are smaller,

3

faster, and have a greater capacity. Op-
erating speeds are often measured today
in billionths of seconds. In view of the
past technological improvements, it is
impossible to say what even the near
future holds.

B. Review Questions

1. What are the types of data processing? How
do they differ?

2. What is an abacus?

3. Briefly, tea why each of the following men
were important.
a.

b.

c.

d.

Blaise Pascal
Joseph Marie Jacquard
Herman Hollerith
James Powers

4. For what two machines is Charles P. Bab-
bage known? Describe the function of
each? Why is he important?

5. What was the first successful general pur-
pose digital computer? Who built it?

6. What is ENIAC? Univac?

C. Laboratory Problem

Assign students outside research.

11



DIVISION II: PUNCHED CARD

A. Units of Instruction

The method of recording one transaction on a
punched card is called the unit record principle.
Each transaction and the information that per-
tains to that transaction is punched into one
card.

1. The Punched Card (Foil 1)
a. Size

The punched card is 73/8 inches long,
31/4 inches wide and .007 of an inch
thick. Since the card is fed through the
machine at high speeds, it is important
to keep the size of the card to a close
tolerance. For this reason, a high quality
pulp is used in the card stock which
will minimize expansion and contraction
because of changes in temperature and
humidity.

b. Corner Cuts
A diagonal cut across one of the corners
of the card is used to identify a certain
type of card. An example would be one
card to be used for cash receipts and
another for cash disbursements. Corner
cuts are also used to insure that all cards
are facing the same direction and are not
upside down. Corner cuts are used on
the upper left, upper right, or lower right
corner of the card. A corner cut on the
lower left will cause feed problems when
used with the card-punch machines.

c. Punch Positions
There are 960 possible punching posi-
tions on a card. The positions are
marked off in both columns and rows.
(It is important to understand the differ-
ences between columns and rows.)

1. Columns

The punching positions are marked
in eighty vertical sections called col-
umns. Each column has twelve
punching positions which are desig-
nated as 12, 11, (often referred to as
"X") 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9
from the top of the card to the bot-
tom.

4

2. Rows
The horizontal division of the card is
made up of twelve sections of the
card called rows. Each row has
eighty punching positions (one for
each column). There is one row for
each of the 12 punching positions in
a column: 12, 11, 0, 1, 2, 3, 4, 5,
6, 7, 8, and 9 from the top to bot-
tom.

d. Portions of the card
On a standard card the columns are num-
bered from left to right (1-80) between
the zero and one row. The columns are
also numbered just below the nine row.
The actual punching position for the 0,
1, 2, 3, 4, 5, 6, .7, 8, and 9 rows are
printed on the card with their respective
number for easy reference. The punching
positions, however, of the 12 and 11 rows
are not numbered on the card. This sec-
tion is left blank for use in interpreting
(printing) the data punched in the card.

1. Zone Portion
The top three rows of the card (12,
11, and 0) are known as the zone
portion of the card, and they are
used in conjunction with numeric
punches to designate alphabetic in-
formation. The 11- and 12-rows are
used for zone punching and special
coding only.

2. Numeric Portion
The numeric portion is composed of
the 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9
rows. The zero can be used for
either a zone punch or a numeric
punch in one particular column. It
cannot be used for both a numeric
punch and a zone punch in the same
column.

c. Edges and "face"

1. The 12-edge is the cop of the card
above the 12 row.

2. The 9-edge is the bottom of the card
below the 9 row.

3. The printed side of the card is called
the face.

12



4. All machines do not feed cards into
the machine in the same manner. If
the cards are fed in I2-edge face
down, the I2-edge will enter the ma-
chine first and the printed side will
be dowii. If they enter 9-edge face
down, the 9-edge will enter first and

. the card will have the printed side
down.

2. Hollerith Code (Foil 2)

Information is recorded in the card by means
of the punched hole. These holes in the card
are machine readable. The data can then be
processed since the machine can interpret
the coded pattern of punched holes. Each
column on the card can represent one charac-
ter only. Since there are eighty columns in
a card, a maximum of eighty characters can
be punched in a card. There are three types
of characters; numeric (0-9), alphabetic
(A-Z) and certain special characters.

a. Numeric Coding

A number is recorded in the card by
punching one hole in each column for
each digit. Ex. A three digit number
(892) would require three columns. The
"8" would be punched in a column (per-
haps column 53) in the eight row. The
"9" would be punched in the next col-
umn in the nine row (column 54) and
the 2 would be punched in the two row
in the following column (column 55).

b. Alphabetic Coding

An alphabetic character is represented by
a combination of one zone punch and
one numeric punch in each column. The
first nine letters of the alphabet (A-I)
are a combination of a I2-punch (zone)
and a corresponding numeric-punch I to
9. The next nine letters (J-P'; are a com-
bination of an II -punch (zone) and a
numeric-punch I to 9. The last eight
letters (S-Z) are the combination of a
zero punch (zone) and a numeric - punch
2 through 9. '.Ince only 26 combina-
tions are needed for the complete alpha-
bet, the 0 and I combination is used to
represent the slash (/).

5

c. Special Characters
It is also possible to punch certain char-
acters in addition to alphabetic and nu-
meric data. These characters are made
up of one, two and three punches in a
column.

3. Field (Foil 3)

pose

/-1 field is one column or a group of col-
umns reserved for the recording of a
single fact.

b. Length

The length of a field is determined by
the type of information. The field must
be as long as the maximum lek.gth of the
information to be entered in the field.

c. Recording in the Field
The column to the extreme left of a field
is known as the high-order position since
it has the greatest value. The column to
the extreme right is the low-order posi-
tion since it has the least value in the
field. It is important that each character
is recorded in the proper position (col-
umn).

I. Alphabetic

When information is punched in an
alphabetic field the first letter is
punched in the high-order position
(first column of the field). If the
alphabetic information does not
completely fill the field the remaining
columns are left blank.

2. Numeric

Each column in a numeric field has a
definite value in the same manber in
which each digit in a number has a
definite value Ireat care must be
taken when punching to make sure
that the proper digit is punched in
the proper column. Numeric data is
justified on the right or low-order
side. If there are not enough signifi-
cant digits to fill up the field, zeros
should be added in the proper col-
umns. These may be preceding zeros
or following zeros depending upon

1 . i



the data. If a field has no significant
digits it is left blank. There is no
need to punch zeros in all of the
columns of the 'kid if the field is to
contain no information. It can be
skipped.

4. Card Handling

a. Storage
Since changes in temperature and hu-
midity will cause changes in the size and
weight of a card, it is necessary to store
cards in an area where temperature and
humidity can be controlled. The storage
area should be kept at the same relative
humidity as the working area to keep
the cards from becoming warped when
introduced to the working area. Cards
should not be stored near heating pipes,
radiators, or places that are hot and dry.
The optimum relative humidity is be-
tween 30% and 65%. The maximum is
75% at 73 F°. The minimum allowable
relative humidity is 10%. If the work-
ing area and storage area cannot be
kept at the same levels, the cards should
be a'. wed to achi ye the moisture bal-
ance in the working area before they
are to be used.

It is important to keep the edges of a
card in good condition. Cards with bent
edges will cause card jams when they
are fed through the machine. Avoid
using paper clips on cards, and when
rubber bands are used they should not be
binding and should be placed off center.

b. Housekeeping
It is important that the working area be
kept in a neat condition. Unuseable
cards should be thrown away and not be
kept on the equipment. This is important
to avoid incorrect cards from being
mixed with correct cards.

6

B. Review Questions

1. Define

a.

b.

c.

d.

e.

f.

g.

Unit Record Principle
Column

Row

9-edge

12-edge

Face-up

Field

2. What is the size of a standard 80-column
punched card?

3. What are corner cuts and why are they
used?

4. How many possible punching positions are
there in a standard 80-column card?

5. What is the "X" row?

6. What rows make up the zone portion of the
card? What rows make up the numeric por-
tions of the card?

7. As represented in Hollerith Code what is
the difference between a numeric character
and an alphabetic character?

8. What determines the maximum length of a
field?

9. a. How is alphabetic data recorded in a
field?

b. How is numeric data recorded in a field?
c. What are the high-order and low-order

positions of a field?

10. What should be taken into consideration in
the storage of cards?

11. Should paper clips be used on cards? Why?

C. Laboratory Problem

Collect va-'ous samples of punched cards to be
used as examples; types of cards, rows, col-
umns, and corner cuts.

14



DIVISION III: ELEMENTS OF A DATA
IV PROCESSING SYSTEM

A. Units of Instruction

1. Systems

A data processing system is a logical method
to carry out the overall program of the
business. The business data processing system
must be analyzed, and methods established
to process the data.

2. Elements of a Data Processing System
Any data processing system, (manual, me-
chanical, electromechanical, or electronic)
must be composed of the following parts.

a. Input

Input is the entry of data into the sys-
tem. There are different ways in which
data can enter the system. The type of
input which is used will depend upon the
system being used. An adding machine
uses a keyboard for input while a com-
puter system might use punched cards or
magnetic tape.

b. Processing

Once the data has been entered into the
system it must be processed. The type of
processing will again depend upon the
system and the job that is being done.
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Data could be added, subtracted, or
moved from one place to another.

c. Output

The output of the system is the result of
the processing. The output from the add-
ing machine is the total and the output
from the computer could be a printed
report.

d. Storage

Storage is the retaining of data in the
system. Storage can be either internal
or external. Internal storage is tempo-
rary retention of data within the system.
External storage is data which is retained
outside the system. The counters in an
adding machine would be an example of
internal storage and the adding machine
tape would be external storage.

B. Review Questions

1. What is a system?

2. Describe the elements of any data processing
system.

C. Laboratory Problem

Give examples of input, processing storage and
output for different types of data processing
systems.



PART II

UNIT RECORD EQUIPMENT

DIVISION IV: ELEMENTS OF A UNIT
RECORD SYSTEM AND MACHINE
CHARACTERISTICS

A. Units of Instruction

1. Systems

A system is a logical method to carry out the
over-all program of the business. The pro-
gram of the business must be analyzed, and
methods of processing data must be estab-
lished to handle each part of the business
system.

2. Elements of a Unit Record System

a. Origination
Origination is the first step in the data
processing system. This step is the crea-
tion of the data which are recorded in a
source document. With the purchase of
merchandise in a store, data is created
about that sale: the date of the sale, the
amount paid or charged, etc.

b. Input
Input !Tiers to the media of getting data
into the system. The media in which data
is entered into the unit record system is
through the punched card.

c. Processing

Processing is the actual manipulation of
the data from the cards. This includes the
following operations:

(1) Coding
Before data can be processed it must
be coded. Values are assigned to the
data to represent it in a form which
aids processing. Examples of coding
are customer number, salesman
number, and employee number.
Coding is normally a manual opera-
tion.

(2) Recording
After the data have been coded it
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(3)

must be transferred from the source
document into the punched card.
This operation is known as record-
ing and is performed in the unit
record system by the keypunch.
Once the data are recorded in the
card it is sometimes necessary to
punch this same data into other
cards by means of the reproducer.
It is also practical on occasions to
have data which is punched into the
card printed on the card. The in-
terpreter is used for this operation.

File Maintenance

Once data enters into the system, it
is normally arranged into some
meaningful order. It might be nec-
essary, for example, to arrange the
data into customer number order
for one operation and to arrange
the same data by salesman number
for another operation. The sorter
and the collator are used in the unit
record system to perform the file
maintenance operations.

(4) Calculating

The calculating function includes
all of the arithmetic operations. The
calculating punch (not included in
this study) is one machine in the
unit record system which performs
this function. Calculations are made
by the machine and the results are
punched into the card. The account-
ing machine also performs the cal-
culating function (addition and sub-
traction) during the summarizing
function.

(5) Summarizing

The summarizing function reduces
the data into a concise, meaningful
form. The accounting machine is

I. 6



used to perform this function in
the unit record system.

d. Storage

Storage is the retaining of data within the
system. If it is stored within the ma-
chine, it is known as internal storage.
Counters within the accounting machine
are an example of internal storage. Ex-
ternal storage is data which are stored
outside of the system. An example of
external storage is the punched card.

e. Output

After the data have been processed it
must be communicated among those who
will use it. The data must be first taken
out of the system and presented in some
meaningful form which is normally a
printed report. Output is the ultimate goal
of the system. The accounting machine is
used for the output function in the unit
record system.

3. Reading a Card

(a) Metal Brushes
Most IBM machines discussed in this
section use brushes and contact rollers
to read the data punched in the cards.
The number of brushes varies with each
machine. The 82 sorter has only 1

brush. The 514 reproducer has 3 sets
of 80 brushes plus 11 other brushes
used for special purposes. The 402 ac-
counting machine has two reading sta-
tions with 80 brushes in each.

(b) Completion of an Electrical Circuit
In all of the above examples, the method
by which the machine reads the card is
the same. When there is a punch that is
being "read" there is a completion of
an electrical circuit. When there is no
punch being read there is no completion
of the circuit.

(c) Operation
The card passes between the contact
roller and the brushes. The contact
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roller is constantly being electrically
charged. When the brush encounters a
punch in a card, the brush falls through
the hole and makes contact with the
roller and thus completes the electrical
circuit. The card acts somewhat like a
switch in completing and disconnecting
the electrical circuit.

4. Timing

Timing refers to the position of the card
when it is being read. If the 5-row is being
read the card is said to be at "5-time." An
electrical impulse, when available at that
time, will cause a 5 to be punched or printed
depending upon the operation being per-
formed.

5. Cycles

A cycle is the period (time interval) re-
quired to complete a series of events or op-
erations that occur in an orderly manner.
Each IBM machine performs its function
within a given time called a machine cycle.
Each machine operates at a certain number
of machine cycles per minute.

A machine may be capable of performing
several functions such as feeding cards, print-
ing, or punching. If card feeding is occuring
during the cycle, then it is called a card feed
cycle. A machine cycle can be qualified by
any function occurring during the cycle, such
as a print cycle, a total cycle, or a punch
cycle.

B. Review Questions

1. What is a system?
2. What are the elements that make up a sys-

tem?
3. What is the function of the brush and the

contact roller? Describe the operation.
4. Why is timing important? What are cycles?

C. Laboratory Problem

Give examples of how data would flow through
a unit record system.



DIVISION V: KEYPUNCHRECORDING
FUNCTION

A. Units of Instruction

1. Function of Keypunch
The function of the keypunch is to punch
data into cards. Data must be transcribed
from the original source document into a
punched card by the operator. The source
document may be a check, invoice, purchase
order, sales ticket, time cards or any other
document used in the organization. The data
from the source document are punched into
fields which have been predetermined before
the operation.

There are three IBM alphanumerical key-
punches that are available, the IBM 24, 26,
and 29. The 26 will print across the top of
the card above the 12 row and the 24 will
not. Except for this feature the two key-
punches look and operate in a similar man-
ner.

The 29 is a newer model. It has several
features which make it a more versatile ma-
chine; however, the 29 operates in the same
basic manner as the 24 and 26. The material
in this division can be used for any of the
above models.

2. Features of the Keypunch

a. Card Hopper
The card hopper is located in the upper
right-hand corner of the machine, and
will hold approximately 500 cards. Blank
cards are placed in the machine nine-
edge first with the face toward the oper-
ator. A sliding pressure plate holds the
cards to aid proper feeding.

b. Card Bed
The card bed is that area of the key-
punch where the card passes from the
card hopper to the card stacker. While
the card is passing along the card bed,
the card is punched at the punch station
and then read at the read station.

c. Punch Station
The punch station is the first of two sta-
tions that the card passes in the card bed.
Only one card passes through the punch
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station at a time. There are 12 punch
dies in the punch station (one for each
row of the card) which punch the holes
in the card. One entire column is

punched at a time starting with column
number one, and working across the card
to column eighty. If the keypunch is
equipped with the print mechanism (26
and 29) the data being punched is also
printed at the top of the card (above the
12-row). The data is printed directly
above the column in which the data is
punched.

d. Reading Station
The reading station is the second station
in the card bed. The station is about one
card length left of the punch station. This
is where the cards are read for duplica-
tion function. After each card has passed
through the punch station it moves to the
read station. The card that has just been
punched moves through the read station
at the same time that the next card is

being punched. The two stations are syn-
chronized so that both are either reading
(read station) or punching (punch sta-
tion) column for column. As the read
station is reading column one, the punch
station is punching column one. When
duplicating, the read station reads the
card in the read station and the punch
station punches what has just been read.

Card Stacker
The card stacker is on the upper left-
hand side of the machine. After a card
passes all the way through the read sta-
tion, it is fed automatically into the
stacker. The stacker will hold approxi-
mately 500 cards. The cards are stacked
12-edge down with the face away from
the operator. The cards are held in posi-
tion by a card weight. When the cards
are removed from the stacker they are
in the same sequence in which they were
punched.

f. Main-line Switch
The main-line switch supplies electric
power to the keypunch. It is located at
the top of the stacker on the 24 and 26.

e.
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g.

The machine takes about one-half min-
ute to "warm-up." When the stacker fills,
the switch automatically cuts the machine
OFF. The main-line switch is under the
reading board on the 29.

Keyboard (Foil 4)

(1) Types

(a) Numeric
The numeric keyboard consists
of the numbers (0-9) and two
special characters ( and S),
plus machine functional keys.

(b) Combination Keyboard
The combination keyboard has
keys for numbers (0-9), let-
ters (A-Z) and 11 special
characters. The combination
keyboard uses the standard
typewriter keyboard as well as
the numeric keyboard. The
numeric keys are on the same
keys as some of the alphabetic
keys. These dual purpose keys
are located on the right side of
the keyboard in a group that
makes it possible to use a three-
finger touch system. The touch
system for these ten numerical
keys is: index finger for digits
I, 4, 7; middle finger for 2, 5,
and 8; and ring finger for
digits 0, 3, 6, 9. The home
keys are more concave than the
other keys to aid the touch
system. The keyboard is inter-
locked so that no two keys can
be completely pressed at the
same time, but it is not neces-
sary to wait for one key to
rise before pressing another
key. This design permits a
"rolling" of the keys.

'

(2) Functional Keys

(a) NUM (Numeric Shift)
The numeric shift is used to
shift the keyboard into nu-
meric mode as long as the key
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is depressed. This key can be
used to override the program
control unit.

(b) ALPH (Alphabetic Shift)
The alphabetic shift is used to
shift the keyboard into alpha-
betic mode as long as the key
is depressed. This key can be
used to override the program
control unit.

(c) DUP (Duplicate)
When the duplicate key is de-
pressed the card in the read
station is "read" and the data
is punched into the following
card in the punch station.
Pressing this key once with the
program control unit ON
causes duplication of the en-
tire field. Pressing the dupli-
cate key with the program con-
trol OFF causes duplication as
long as the key is depressed.

(d) REL (Release)
The release key causes the
cards at both punch and read
stations to be advanced past
these stations.

(e) FEED (Card Feed)
The feed .key causes a card to
feed into the card bed from
the hopper. When the key is
depressed a second time, the
first card will automatically
register at the punch station and
a second card will feed into the
card bed.

(f) SKIP
The skip key causes the ma-
chine to skip over the field for
which it is depressed. This key
is used when under program
control.

(g) REG (Card Register)
The register key is used to
manually register cards at the
punch and read stations.
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(h) ALT PROG (Alternate Pro-
gram)

The alternate program key
causes the machine to shift to
an alternate program instead
of the normal program. This
feature is optional.

(i) MULT PCH (Multiple Punch)
The multiple-punch key allows
more than one punch to be
punched in a single column.
The keyboard is in numeric
mode when this key is used.

(j) CORR (Card Correction)
The card correction key is used
upon detection of an error be-
fore the next column is

punched. The depressing of
the key moves the card in er-
ror to the read station and du-
plicates a new card up ,:o the
error column. This feature is
optional also.

h. Program Control Unit

(1) Purpose
The program control unit is located
between the stacker and the hopper.
The purpose of the program unit is
to reduce punching time. It does this
by automatic control of (1) dupli-
cation of common fields of data, (2)
skipping over unused columns, (3)
shifting from numeric mode to al-
phabetic mode, (4) suppressing
print where desired (026) and (5)
by printing left (preceding) zeros
(026).

(2) Program Card (Foil 5)
A program card. which is a basic
part of the pr. gram unit, is pre-
pared for each different punching
application. Each of several rows
in the program card serves a spe-
cific purpose and is used to give
instructions to the machine.

(3) Codes and Functions

(a) Field definition (12 punch)

._.-

12

A 12-punch is punched in

every column except the first
(left-hand or high-order posi-
tion) of every field that is to
skipped, duplicated or manu-
ally punched. These 12-
punches serve to continue to
the end of the field any skip or
duplication started within that
field. Several consecutive fields
to be automatically skipped or
several consecutive fields that
are to be automatically dupli-
cated are programed as a
single field. Do not program a
single-column field with a 12-
punch.

The .12-punches in the pro-
gram card for manually
punched fields permit occa-
sional skipping or duplication.
Skipping or duplication is

started by the skip or duplicate
key. The operation is con-
tinued through the field until a
column is reached that does
not have a 12-punch or an
11-punch.

(b) Automatic Skip (11)

An 11-punch starts automatic
skipping, and the operation is
continued through the field by
the .12-punches in the remain-
ing V )1umns of the field. A
single column to be automati-
cally skipped, should be
punched with an 11-punch.
The automatic-skip-and-dupli-
cate switch must be ON to
start the skipping automatically
with the 11-punch. The ma-
chine will stop skipping when
it does not read a 12-or an
11-punch in the program card.

(c) Automatic Duplication (0)

A 0-punch in the first column
of any field starts automatic
duplication, and the operation
is continued through that field
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by the 12-punches in the re-
maining columns of the field.
A single column to be auto-
matically duplicated should be
punched with a 0-punch. The
automatic-skip-and-duplicate
switch must be ON to start du-
plicating automatically with the
0-punch. The machine will con-
tinue to duplicate until it does
not read a 12-or and 11-punch
in the program card.

(d) Alphabetic Shift (1)
When the program control
unit is turned ON by the pro-
gram control lever the key-
board is normally in numeric
shift. When any one of the
combination keys (a key which
is used to punch both letters
and numbers) is pressed a
number would be punched in
the card. To punch a letter,
the combination keyboard must
be shifted from the numeric
mode to the alphabetic mode.
This shifting is performed au-
tomatically by a 1-punch in the
program card in each column
of the alphabetic field. During
duplication of alphabetic in-
formeion the 1-punches per-
mit automatic spacing over
blank columns and prevent X-
skipping caused by letters con-
taining X-punches (J through
R).

The four basic program
codes are described above.
There are two additional codes
that may be used on the 26
printing card punch.

(e) Left -zero print (2)
When the program control
unit is ON, zeroes which are
punched to the left of the first
significant digit in a numeric
field are automatically sup-
pressed for each field that has
been defined by 12-punches.
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(ex: 000072 is printed at the
top of the card as 72). To
force left zeros to print, it is

necessary to punch a 2 in every
column of the field in the pro-
gram card. A zero in the low-
order position of a field always
prints unless printing is sup-
pressed.

CO Print suppression (3)
Even though the print switch is
ON, printing can be prevented
for one, or more columns of
the card. To suppress printing
a 3 should be punched in
every column in a field of the
program card that printing is to
be suppressed.

(4) Program drum
The program card is mounted on
the program drum for insertion into
the machine. The program drum
has a clamping strip to hold the
card in place, and a handle on the
top of the program drum to tighten
or release the strip.

(5) Star-wheels
The sensing mechanisms which
"read" the holes in the program
card are called star-wheels. In
order to read the program card they
must be lowered so that they rest
on the program card.

(6) Program Control Lever
The program control lever is lo-
cated below the program control
unit and just above the card bed.
This lever raises and lowers the star-
wheels. When the star-wheels are
raised the program control unit is
OFF and when the star-wheels are
lowered the program unit is ON.

In addition to turning the pro-
gram unit OFF and ON, the pro-
gram control lever also controls the
mode of the keypunch. When the
control unit is OFF the keyboard
is normally in alphabetic mode. If



a combination key is pushed it will
punch a letter. In order to punch
numeric characters, it is necessary
to depress the numeric shift key at
the same time each number is

punched.
When the program unit is ON

the keyboard is normally in nu-
meric mode. The keypunch will
shift to alphabetic mode automati-
cally when a 1-punch is punched
in the program card. If a numeric
character is needed in a field pro-
grammed for the alphabetic mode,
it is possible to override the pro-
gram unit by holding down the
numeric shift key. When punching
a numeric field the program unit
can be overridden by holding down
the alphabetic shift key while the
letter is punched.

(7) Column Indicator
The column indicator is located at
the base of the program drum holder
and indicates the next 'column to be
punched. Refer to the column indi-
cator for a guide for spacing or
backspacing to a particular column.

i. Backspace Key
This key is located below the card bed
between the reading and punch stations.
As long as it is held down, the cards at
the punch and reading stations will back-
space (until column 1 is reached). At
the same time, the program drum will
also backspace for each column the cards
backspace.

The keyboard will "lock" when there
is no character to be punched by the key
in that mode of shift (a key with no
combination for that mode). The back-
space key can be depressed to "unlock"
the keyboard.

J. Functional Control Switches
These switches are located at the top of
the keyboard.

(1) Print
The print switch is used on the 26
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and 29. The machine will print
across the top of the card when the
print switch is ON (except in the
case of print suppression which is
controlled by the program control
unit). When the switch is in an OFF
position, it will not print at the top
of the card regardless of the pro-
gram control unit.

(2) Automatic duplication and auto-
matic skipping. The automatic du-
plication and automatic skipping
switch controls the automatic skip-
ping and duplication of columns
when the program control unit is
ON. The switch has no effect when
the program control unit is OFF.
Since there is no card in the read
station, when the first card is being
punched, the switch should be OFF
to keep the keyboard from locking
when it reaches the duplicated field.
After the first card has been
punched the switch should be turned
ON.

(3) Automatic feed
With the automatic feed switch ON
the machine will automatically feed
cards into the card bed when nec-
essary. Card column 80 passes the
punch station (1) the card at the
left of the read station is stacked,
(2) the card entering the read sta-
tion is registered, (3) the card at
the right of the punch station is
registered and (4) another card is
fed into the card bed. To start the
operation two cards should be fed
into the card bed.

k. Pressure-roll release lever
The pressure-roll release is located next
to the column indicator. Pressing this
lever will allow the manual removal of
jammed cards from the punching or
reading stations. Care should be taken
when removing the card to be sure that it
does not tear. If torn, pieces of the card
caught in either station can be pushed
out with another card or a smooth-edged
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metal blade while holding down the pres-
sure roll release lever. Do not use saw-
edged blades.

I. Reading board
The reading board is the area on which
the keyboard rests. It provides space for
source documents when the cards are to
be punched.

m. Chip box and fuses
The chip box is under the reading board.
It catches the paper chips which are
punched out by the punch dies. Fuses
for the machine are also located in this
area.

B. Review Questions

1. What is the function of the keypunch?

2. Explain the purpose of the foliowing features
on the keypunch:
a. Card Bed
b. Hopper
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c. Stacker

d. Punch Station
e. Reading Station
f. Program Control Unit
g. Backspace Key

3. What is the purpose of the following punches
used on the program card: 12, 11, 0, 1, 2,
and 3?

4. What is the sensing mechanism which reads
the program drum?

5. What is the normal mode (shift) for the key-
board when the program control lever is
OFF? When it is ON?

6. What is the purpose of each of the func-
tional control switches on the keypunch?

C. Laboratory Problems

1. Keypunch, problem V-1

2. Program card, problem V-2

3. Keypunch and program card, problem V-3

As



DIVISION VI: SORTER-FILE
MAINTENANCE

A. Units of Instruction

1. Purpose

Usually before data can be processed it has
to be put into some type of orderly arrange-
ment. Manual sorting of documents is both
a tedious and time consuming operation.

The IBM sorter performs the file mainte-
nance function, and can be used to sequence,
select, or group cards at high speeds. The
most common operation performed is se-
quencing. This operation includes either al-
phabetic or numeric data which can be ar-
ranged in either ascending or descending
order.

The second operation performed is se-
lecting. This operation allows certain cards
to be removed from a file without disturbing
the order of the remainder of the file. The
third operation is grouping, which is the
classifying of data by some common charac-
teristic.

2. Features
The major differences in the models of sort-
ers are the various speeds at which the mod-
els operate. Each machine has additional
individual characteristics which add or de-
tract from its flexibility. References in this
section will be made to the IBM 82; how-
ever, the 83 and 84 are very similar. The
IBM 82 wilt sort 650 cards per minute (the
82 Series 50 wi11 sort 450 cards per minute),
the 83 will sort 1,000 cards per minute, and
the 84 will sort 2,000 cards per minute.

a. Main-Line Switch

The main-line switch supplies power to
the machine. On the 32 this switch is
located below the selection wheel. The
warm-up period on this machine is ap-
proximately 60 seconds. On some ma-
chines when the machine is ready, a
ready light is turned on.

b. Hopper
The hopper is located in the upper right-
hand corner of the machine, and holds
approximately 1200 cards. The cards
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which are to be sorted are placed in the
hopper with the 9-edge first face down.

c. Pockets
The sorter has 13 pockets, since there is
one pocket for each row on the card
plus the reject pocket. A card with a
2 punched in the column will fall in the
2 pocket, and a card with no punches
in the column will fall in the reject
pocket. Each pocket will hold approxi-
mately 550 cards.

d. Start Key
The start key will cause the machine to
begin feeding cards into the machine.
The sorter will continue to run automati-
cally until (1) the last card is fed through
the machine; (2) any one of the pockets
fills; (3) the stop key is pushed; or (4)
when the cover over the brush assembly
is lifted.

e. Stop Key
The stop key will cause the machine to
stop feeding cards through the machine.
When this key is pushed, the cards will
not continue to their respective pockets.

f. Sort Brush and Contact Roller (Foil 6)
The IBM 82, and the 82 Series 50, and
the 83 all use a sort brush and a contact
roller. The sorter will sort only one col-
umn at a time. The IBM 84 does not
use a sort brush and a contact roller;
instead it uses a light (taking the place
of the contact roller) and a photoelectric
cell (which takes the place of the brush.)
The 84 also sorts only one column at
a time.

g. Chute Blades (Foil 6)
The chute blades are bands of metal of
varying length, that guide the cards on
their way from the sort brush to the
proper pocket. There are 12 chute
blades. There is no chute blade for the
reject pocket.

h. Column Indicator (Foil 7)
The column indicator is located to the
left of the hopper. It is marked off in
positions from 1 to 80 corresponding to



the 80 columns on the cards. The column
indicator is attached to the sort brush
mechanism to indicate which column the
sort brush is set to "read."

i. Column-Selector Handle (Foil 7)

The column-selector handle is used to
move the sort brush to the desired col-
umn that is to be sorted. One full turn
moves the sort brush one column.

j. Finger Lever (Foil 7)

The qnger lever allows the sort brush to
be moved over a number of columns
without making one full turn of the
column selector handle for each column.
To move the brush across several col-
umns, turn the column selector to the
upper position (so the indicator is be-
tween columns) push down the finger
lever and move it to the desired column.
Then turn the column selector handle
to the down position. Be sure to check
the indicator after it is moved to ;se sure
the indicator is on the proper column.

k. Selection Switches (Foil 7)

The selection switches allow the oper-
ator to determine which. rows will be
sorted. There are 13 selection switches,
12 black switches that correspond to the
12 rows on the card and a longer red
switch known as the alphabetic sort
switch (or alpha switch). The 13 selec-
tion switches are located on the outer
edge of the selection wheel. These
switches can be pushed either toward
the center or the outer edge of the circle.
When pushed toward the center, the se-
lection switch suppresses sorting of the
corresponding row and the machine re-
jects all cards punched in that row, un-
less another punch is in the column
which is not suppressed. The alphabetic
sort switch is used to sort only the 0, 11
and 12 rows. It has the same effect as
setting toward the center all the switches
from 1-9. The alpha switch is used in
alphabetic sorting to sort the zone por-
tion of the card.
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I. Hand Feed Wheel
The hand feed wheel is located on the
right side of the machine. It is used to
test the machine and remove jammed
cards. To use the wheel it is pushed in
and turned manually.

3. Machine Ope:ation (Foil 6)
As the card enters the machine (9-edge face
down), the card passes between the sort
brush and the contact roller. The edge of the
card passes under the tip of the 9-chute-
blade then the 8-blade, etc. A card with a 7-
punch in the column being sorted would
pass under the 9- and 8-blade. The tips of
the blades are spaced in such a manner that
when the sort brush drops through the 7-
punch in the card, the leading edge has
passed under the 8-blade. The 9-edge of the
card is between the 7- and 8-blade. The elec-
tric circuit is closed by the sort brush making
contact with the contact roller. When this
condition exists, the electro-magnets are
magnetized which pull down on the chute
blades and force the card into the passage
between the 7- and 8-blades. Carrier rollers
are used to convey the card into the 7-
pocket. Cards which have a double punch
(two punches in the same column) will fall
in the pocket of the punch that is read first.
Since cards enter 9-edge first, it will "read"
the punch that is nearest the 9-edge of the
card. The selection switches can be used to
control the rows which are read.

4. Sequencing (Sorting)

a. Purpose
Sequencing is the arrangement of data in
either ascending or descending order,
although most data is arranged in as-
cending sequence. Sequencing can be
done for either alphabetic or numeric
data.

b. Operation

(1) Numerical Sequencing
To arrange data in numerical se-
quence all selection switches should
be in the outer position. A numeric
field requires one pass through the

r.N."
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machine for each column in the
field. The first column to be sorted
is the low-order position (right-
hand column). To remove the cards
from the machine the operator
starts at the right-hand side and
works toward the left placing each
group of cards on top of the cards
which have previously been re-
moved. The cards are placed back
in the hopper and the next column
to the left is sorted. This process is
continued until the last column in
the field (high order) is sorted.

(2) Alphabetic Sequencing
Since alphabetic characters are rep-
resented by two punches in a col-
umn (a numeric and a zone punch),
each column requires two sorts. In
alphabetic sequencing, as in nu-
meric sequencing, the low-order
position is sorted first. First, each
column must be sorted by the nu-
meric punches, and then the same
column is sorted by the zone
punches. On the first sort of the
column, all selection switches
should be in the outer position. On
the second sort the red alpha-switch
should be set toward the center
to enable the operator to sort only
the zone punches. Always reset
the red alpha-switch before sort-
ing the next column. Since alpha-
betic material is not always the same
length, it is possible for some cards
to fall in the reject pocket on the
first sort. On the second sort, it is
not essential for the operator to
resort the rejected cards for that
column since they will automatically
fall in the same order, in the reject
pocket. After the second sort, they
are placed in the hopper with the
other cards to sort the next col-
umn.

(3) Sorting More Than One Field
There will be occasions when the
operator will find it necessary to
sort by more than one field. For
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instance, it may be necessary to
arrange cards by three fields: a state
code, a city code, and a store num-
ber. The largest or most important
group (state) is called the major
field. The middle group (city) is

called the intermediate field, and
the least important group (store) is
called the minor field. It is pos-
sible to think of all three fields as
one large field. The major field
would be the high-order positions,
the intermediate fields would be the
intermediate-order positions, and the
minor field would be the low-order
positions. The cards would be sorted
beginning with the minor field, fol-
lowed by the, intermediate field and
then by the major field.

(4) Block Sorting
Cards are usually sorted beginning
with the low-order position and
working toward the high-order posi-
tion. It may aid the operation be-
ing performed to separate the cards
into smaller groups by sorting
the high-order position first when a
large number of cards are being
sorted. For example, cards with
fields beginning with any digit are
separated into digit groups. After
the cards have been broken down
into groups, each block is sorted in
the usual manner beginning with
the low-order position. It should be
noted that it will not be necessary to
sort the high-order position of each
group again since each group will
have the same punch in the high-
order position. After the first block
has been completely sorted it is

possible to process this group in
another machine while the next
group is being sorted. Block sort-
ing thus reduces the overall time of
processing a report since it is pos-
sible to use two machines at the
same time. Another advantage is
that an error is localized to one par-
ticular block. Block sorting also
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makes it easier to handle large num-
bers of cards, and allows two sorters
to be used in the sorting operation.

5. Selecting

a. Purpose

Selection is the removal of cards from a
deck without disturbing the original order
of the deck. An example would be a
deck of cards that have previously been
sequenced in a customer number order.
It is possible to remove all the cards
which are for store number 4 and retain
the rest of the deck in the original cus-
tomer number order.

b. Operation (Foil 7)
The selection switches play a major role
in the selection of cards from a deck. In
the above example the store number
could be in column 40, and the column
indicator would be set above column 40.
All cards which are for store number 4
should have a 4 punched in column 40.
The object of the operation is to get all
cards for store 4 to fall in the 4 pocket
and the remainder of the cards to fall in
the reject pocket. This is done by setting
the black selection switches for any pos-
sible punch that the operator does not
wish to sort (in this case, 12, 11, 0, 1,
2, 3, 5, 6, 7, 8, and 9) toward the center
of the circle. Do not set the alpha-switch
toward the center.

It is possible to select out more than
one group. In each case, selection
switches which are set toward the center
of the circle will be ones to cause cards
to fall into the reject pocket and not
those that are to be selected out of the
deck. Those left in the "out" position
will cause those particular rows to sort
or select.

6. Grouping

R. Purpose

Grouping is the classifying of a deck of
cards by some common characteristic.
An example of this would be a deck of
cards with one card for each student tit a
school; each card could identify the stu-
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dent by a code as to class rank: fresh-
man (1), sophomore (2), junior (3),
and senior (4). By sorting the column
containing this code the cards would be
grouped by their common ch.-. .scteristic,
the class rank.

b. Operation
Grouping is done by sorting the column
which contains the common characteris-
tic. In the example given above, the
column indicator is set to sort the column
containing the class rank code. All cards
should fall in either the 1, 2, 3, or 4
pocket.

B. Review Questions

1. What is the purpose of the sorter? What
operations is the sorter used to perform?
What are they?

2. What are the various speeds of IBM sorters?

3. Why are there 13 pockets on the sorter?

4. What conditions will cause the sorter to
stop feeding cards?

5. What is the purpose of the following?
a. Sort brush
b. Chute blades
c. Column indicator
d. Selection switches

6. Compare and contrast the operations nec-
essary to sequence alphabetic and numeric
data.

7. How are cards sorted on more than one
field?

8. What is block sorting and why is it used?

9. What is the importance of selection switches
in selecting?

C. Laboratory Problems

1. Sequencing, problem VI-1

2. Selection, problem VI-2

3. Grouping, problem VI-3

4. Sequence by more than one field, problem
VI-4

5. Sequence by more than one field, problem
VI-5

Are



DIVISION VII: WIRING
FUNDAMENTALS

A. Units of Instruction

1. Purpose of the Control Panel
The machines which have been described
previously did not use a control panel. Most
IBM unit record machines do use some type
of control panel to give instructions to the
machine. The control panel gives the equip-
ment flexibility and allows the same machine
to perform many different operations.

The control panel has many small holes
called hubs through which specially made
wires can be inserted. Various instructions
are given to the machine according to how
the wires are inserted in the control panel.
These wires complete an electrical circuit.

2. Internal and External Wiring
Wiring in IBM machine:, using control
panels is of two types (1) internal wiring
and (2) external wiring. Internal wiring is
the wiring which is built into the machine
by the manufacturer. External wiring (con-
trol panel) is used to complete the internal
electrical circuits and is wired by the oper-
ator. The completed electrical circuits are
used to give instructions to the machine
about a particular operation. The internal
circuits are connected to rows of metal
prongs that are the ends of the internal cir-
cuits. When the control panel is fitted into
place, the wires in the control panel (ex-
ternal wiring) L.omplete the electrical circuit
with the internal wiring and therefore, give
instructions to the machine.

3. Physical Characteristics

a. Control Panel
There are two basic types of control
panels. Each control panel uses a wire
which fits that type of panel.

(1) Jack Panels
A jack panel has metal prongs or
contacts, that press against the sta-
tionary internal contacts when the
panel is inserted into the machine.
The external wires plug into these
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metal prongs to complete the elec-
trical circuit.

(2) Self-contacting (direct contacting)
The self-contacting panel does not
have metal prongs connected to the
panel. The wires used for this panel
have longer and larger tips that pass
through the control panel and press
directly against the stationary
prongs. These panels are consider-
ably lighter than the older jack
panels.

b. Size of Panel
The size of the panel depends upon the
machine and how many operations it can
perform. The more functions it can per-
form the more hubs that are necessary
and the larger the panel that is used.

c. Hubs

(1) Exits and Entries
The hubs which accept electric im-
pulses are called entries; those
which emit impulses are called exits.
An exit must always be wired to an
entry.

(2) Single and Common Hubs
Hubs may be single, or there may
be two or more hubs internally con-
nected to each other. These inter-
nally connected hubs are known as
common hubs, and are identified on
the control panel by lines connect-
ing them. If the common hubs are
exits, the exit impulse is available
out of all the hubs connected to-
gether. If the common hubs are en-
tries, an impulse wired externally
into any one of the connected hubs
is directed into the machine and is
also available out (exit) of the
other common hubs.

(3) Bus Hubs
Bus hubs are several hubs internally
connected to each other, but not
connected to any internal machine
circuit. They are neither exit nor
entries until they have been con-



nected to another exit or entry hub.
Once an impulse from an exit hub
is wired to a bus hub all the con-
nected bus hubs become exits for
that same impulse. These hubs are
used to avoid split wires.

(4) Switch
Two externally adjacent hubs which
are connected on the control panel
by an arrow indicate a switch. When
these two hubs are wired together
they turn ON some mechanism with-
in the machine.

4. Wires

a. Purpose

Wires are used to complete the electrical
circuitry of the machine and give instruc-
tions to the machine.

b. Color
The color of the wire indicates only the
length of the wire. The different colors
allow the wires to be sorted according to
their length. Control panels should be
wired with the shortest wires possible
(without stretching) to avoid excess
bulk.

c. Types

(1) Fixed
Fixed wires are used on control
panels wired for an operation which
will be used many times without
change. These wires once inserted
can nit be pulled out without the
use of a special wiring tool.

(2) Temporary
Control panels which are used only
once or are subject to change are
usually wired with temporary wires.
These wires can be removed without
the use of the wiring tool.

d. Jack plugs
Jack plugs are wires designed to exter-
nally connect two adjacent hubs. A regu-
lar wire could be used; but a jack plug
is more convenient and less bulky.
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e. Split wires

Split wires are wires which have more
than two ends, and can be used when
there are no bus hubs available.

f. Common connectors
Split wires are not made with temporary
plugs. If bus hubs are not available and
temporary wires are being used, it is pos-
sible to use a common connector instead
of a split wire. An impulse brought into
the common connector is available at the
other terminals of the connector.

5. Control Panel Diagrams
Paper diagrams (drawings) of the hub lay-
out on each type of control panel are avail-
able, to keep a permanent record of a con-
trol panel setup. To make diagrams as legible
as possible follow these rules.

a. Use different colored pencils to represent
wiring that makes the machine perform
different functions. For instance, wiring
for printing might be a different color
than wiring for addition.

b. Pencil in the hubs at either end of the
field and connect these hubs with a hori-
zontal line.

c. Connect the exit and entry fields by one
line. The use of one line for each field
makes the diagram easier to read. Al-
though only one line is shown on the
diagram, a four position field requires
four wires and a six position field requires
six wires, etc., in the control panel.

d. Indicate exit and entry hubs by drawing
an arrow pointing to the entry hubs.

e. When it is necessary to cross lines on a
diagram break one line or "hump" it over
the other. This prevents the possibility
of following the wrong line to the entry
hub.

B. Review Quesficns

1. What is the purpose of a control panel.

Explain the difference between external and
internal wiring.

3. What is the difference between a jack panel
and a self-contacting panel?

1.



4. What determines the size of a control panel? i. Common connectors

5. Define 6. What are control panel diagrams? How are
they used?

7. What are the 5 rules to follow to make dia-
grams legible?

a. Exit hubs
b. Entry hubs
c. Common hubs
d. Bus hubs
e. Fixed wires

f. Temporary wires
g. Jack plugs
h. Split wires
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C. Laboratory Problems

Demonstrate control panels for various ma-
chines, wires and control panel diagrams.
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DIVISION VIII: INTERPRETER
RECORDING FUNCTION

A. Units of Instruction

1. General Information

a. Function
The function of the interpreter is to print
on the card the data which is punched
into the card. It is easy for machines to
read the punched holes, and to process
the data. Such processing of the punched
card by humans is not as easy since they
find this means of recording data cumber-
some. The interpreter reads the card and
prints the data on the card. This makes
human processing of the cards faster and
more efficient.

b. IBM 548, and 552 and 557
The 548 and 552 interpreters are similar
machines, but the 552 is no longer in
production. The 557 is a more versatile
machine than either the 548 or 552. Ref-
erence will be made to some of the dif-
ferences in these models.

c. Printing Lines (Foil 8)
The 548 and 552 will print on two lines
of 60 characers each. This makes it pos-
sible to have a maximum of 120 charac-
ters on one card. One line of print is
just above the 12 row and the other line
is between the 11- and 12-rows. The 557
also uses a 60 space line, but there are
25 possible lines of print instead of only
two. Twelve of these lines are located
between the twelve rows of the card, and
one line is above the 12-row, and an-
other line is below the 9-row. Since
there are only 60 spaces to a line and
there are 80 card columns, if the entire
card is to be interpreted it is necessary
to use two lines and pass the cards
through the machine twice using two dif-
ferent control panels. It is impossible to
interpret directly above the column con-
taining the data.

It may aid certain operations to have
data interpreted twice on the same card.
Such an example would be. a code that
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is used in the manual handling of cards.
This code could be printed at each end
of the card and thus make it possible to
locate the card by using either end of the
card.

d. Feeding the Cards

Cards are placed into the 548 and 552
hopper with the 12-edge first face-up.
This unusual manner of feeding the cards
causes the normal method of handling
cards to be reversed. The operator
should start at the back of the tray and
work toward the front.

The 557 feeds the cards with the 12-
edge face -down. This allows the cards to
be handled by the operator in a normal
manner.

e. Speed of the Machine

The 548 and 552 operate at a rate of 60
cards per minute, but the 557 will oper-
ate at 100 cards per minute.

f. Setting the Line of Print

It is necessary to pass the cards through
the machine once for each line of print.
The 548 and 552 have a line-selection
knob that is located at the rear of the
machine to change the line of print. The
557 uses a line-selection dial to set any
one of the 25 lines of print.

Control Panel (Foils 8 and

A single control panel is a characteristic
of both the 548 and the 552. The 548
uses a self-contacting (direct-contact)
control panel and the 552 uses a jack-
type control panel. The 557 uses a self-
contacting control panel with two sec-
tions.

g.

h. 80 Reading Brushes (Foil 8 A-D, 1-20)

The interpreter has 80 reading bruShes
(one for each column). These brushes
determine what will be printed accord-
ing to the manner in which the brushes
are wired to the typebars. There is a set
of 80 exit hubs on the panel which cor-
respond to each of the 80 reading
brushes.

4.)



i. Print Entry (Foil 8 M-S, 1-20)
The hubs which are connected to the
print mechanism are called print entries.
The 548 and the 552 use typebars and
the 557 uses print wheels. These mecha-
nisms are internally connected to the
print entries. The 548 and the 552 con-
tain 60 typebars with each bar contain-
ing 39 possible positions: 10 numerical
(0-9), 26 alphabetic (A-Z), and 3 spe-
cial characters. There is one typebar to
correspond to each print entry on 'the
control panel. The typebar moves down
until it is in the proper position to print
the character which was "read" by the
reading brushes. The 557 uses type-
wheels instead of typebars. The wheel
turns to the proper position to enable the
desired character to be printed.

2. Operating Features of 548
a. Hopper

The hopper is located in the upper right-
hand corner of the machine. When the
supply of cards is exhausted, all the
cards that are within the machine will
first be interpreted and then run out into
the stacker and the machine will stop.
The hopper will hold approximately 700
cards. The cards are fed into the machine
with the 12-edge first face up.

b. Card Stacker
The stacker is located directly below the
hopper. The stacker will hold approxi-
mately 900 cards. When the stacker fills
the machine will stop.

c. Main Line Switch
The main line switch supplies the ma-
chine with electric power. When the
switch is ON a green "Ready" light next
to it will come on.

d. Start and Stop Keys
The start and stop keys are next to the
green ready light. The start key, which
is blue, must be pressed for three feed
cycles to start feeding cards into the
machine. The machine will continue to
operate until (1) the stacker becomes
full or (2) the last card is fed through
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the machine. The stop key will stop the
operation of the machine at any time
while cards are feeding.

e. Printing Position Knob
The printing position knob selects the line
of print. The knob is located at the rear
of the machine. To change the line of
print, the knob is pulled out and turned
clockwise for the upper line or counter-
clockwise for the lower line. The knob
rotates while the machine is running.

f. X-Brushes (Foil 8 N-S, 21 and 22)
The 548 has a set of five X-brushes lo-
cated in such a manlier that they "read"
a card just before it passes under the
reading brushes. These brushes are timed
to "read" only the X-punch (11-row).
The brushes can be positioned manually
over any of the 80 columns, but two
columns must separate adjacent brushes.
If there is an X-punch in the card that is
"read," an impulse will be available at
the two common X-brush hubs on the
panel.

3. Control Panel Wiring (Foil 8)
The basic . Introl panel wiring for the 548 is
from reading brushes to print entries. One
end of the wire connects the reading brush of
the column, which is to he read, to the type-
bar which is to print. For example, if card
columns 5-10 were to be printed in typebars
22-27, one wire would connect the reading
brush hub 5 to the print entry 22. Another
would connect reading brush 6 with typebar
23. The same pattern would be followed
through the field with one wire for each
column to be "read."

It is possible to print the same field in
two places on the same line. This can be
done without split-wiring since each print
entry has two common hubs. It is possible
to wire out of the common hubs into arlther
print entry, and thus, print the same data
twice on the card.

4. X-Elimination (Column splits)
a. Function (Foils 10 and 11)

Some numerical fields may contain an
X-punch in one of the columns in the
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field to indicate a negative number, or to
be used as a control punch. If the
column that contains the X-punch is

wiled directly to the print entry, the in-
terpreter will print an alphabetic charac-
ter. The X-eliminator is used to prevent
the X-punch from reaching the print en-
try.

b. Wiring and Operation (Foil 8 E-H, I-
22)

The X-eliminator has four rows of hubs;
two rows are the common hubs, one row
is the 0-9 hubs, and the other row is the
11-12 hubs. These hubs can be used as
either an entry or an exit depending upon
their application. There is a connection
between either the common hubs and the
0-9 hubs, or the common hubs and the
11-12 hubs. At 11- and 12 -time there is
a connection between the common hubs
and the 11-12 hubs. From 0-time to 9-
time, there is a connection between the
common and 0-9 hubs. By wiring from
the reading brush to the common hub
and the 0-9 hubs to the print entry, the
X-punch in a numerical field will not
print an alphabetical character. This de-
vice is called a column-split on other
IBM machines.

One group of ten eliminators is stan-
dard on the 548, while another group of
ten positions is optional. Each group on
the control panel has a switch that must
be wired "ON" for the X-eliminator to
be functional.

5. Zero-Elimination
a. Function

Printing of insignificant high order zeros
can be prevented by the use of the zero-
elimination hubs. Zero-elimination is an
optional feature on the machine.

b. Wiring (Foil 8 T-W, 1-20)
The reading brushes are wired to the
print entry. The common hubs of the
print entry are wired to the top row of
the zero-elimination hubs. Any group of
the zero-elimination hubs may be used
provided all the hubs for the same field
are adjacent. The other three rows are
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jack-plugged as follows: below the hub
wired to the high-order position, jack-
plug the two upper hubs; below the hubs
wired to all other positions of the field,
jack-plug the two lower hubs.

6. Selectors

a. Function (Foils 12 and 13)
The selectors allow a choice between
two conditions. Each selector has three
sets of hubs: a set of five common hubs,
a set of five normal hubs, and a set of
five transferred hubs. There are also two
common pickup hubs for each selector.
Normally, there is a connection between
each common hub and the normal hub
directly above it. If the selector is trans-
ferred, however, there is a connection
between the common hub and the trans-
fer hub directly above the "normal" row.
Pickup hubs are usually wired from the
X-brushes. If the X-brush reads an X-
punch in the card, the selector will trans-
fer and stay transferred until the end of
that card cycle.

b. Class Selection (Foil 8 J-L, 1-22)
Class selection means that a field in the
card may be printed in one of two pos-
sible places or whether the field will
print under certain conditions. Whether
there is an X-punch in the card deter-
mines in which position the field is

printed.
The basic wiring is from the reading

brushes into the common hubs of the
se'.ector. The normal hubs are wired to
one group of print entries and the trans-
fer hubs are wired to the other group of
entries. The print entries which will print
when there is no X-punch present should
be wired to the normal hubs, and those
which are to print when an X-punch is
present should be wired to the transfer
hubs. It is also necessary to wire the
X-brush, which ...must be set over the
column to be read, to the selector pick-
up hub.

c. Field Selection (Foil 8 J-L, 1-22)
Field selection means that one of the
two fields in a card will be printed in one
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set of typebars. Whether there is an X-
punch in the card determines which field
will be printed. The basic wiring pattern
is from the reading brushes which con-
tain the field that will be printed, with
no X-punch, into the normal hubs of the
selector. The field which will be printed,
when there is an X-punch, is wired into
the transfer hubs of the selector. The
common hubs of the selector are wired
to the print entries.

B. Review Questions

1. What is the function of the interpreter? Why
is it necessary?

2. How many print lines are possible on a card
for a 548, 552, and 557? How many char-
acters can be printed on a single line?

3. What is the importance of the entry of the
cards into the different machines?
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4. What conditions will cause the machine to
stop feeding cards through the machine?

5. How is a control panel wired to read the
cards and print the data on the card?

6. What are X-eliminators? How do they oper-
ate? How are they wired?

7. What is zero-elimination? How does it oper-
ate? How is it wired?

8. Why are selectors used? Explain how they
operate.

9. Compare and contrast class selection and
field selection.

C. Laboratory Problems

1. Read to print, VIII -1

2. X-elimination, VIII-2

3. Class selection, VIII-3

4. Field selection, VIII-4



DIVISION IX: REPRODUCER
RECORDING FUNCTION

A. Units of Instruction

1. Function of the Reproducer
The reproducer is used to duplicate data
which has already been captured in punch
card form.

The reproducer performs 4 basic opera-
tions; (1) straight reproducing, (2) gang
punching; (3) mark sensing and (4) sum-
mary punching.

a. Straight Reproducing

The duplication of the data captured in
one deck of cards is known as straight
reproducing. The reproducer "reads" the
data punched in one deck of cards and
punches the same data into another deck.
There is one duplicate for each original
in which the whole card or part of the
card may be reproduced. Data can also
be transferred from one group of columns
in one deck of cards to another group of
columns in the duplicate deck.

b. Gang punching
Gang punching is the same basic opera-
tion as duplication on the keypunch. The
data from on card is punched into the
following card, and then the data in that
card is punched into the next card, etc.

c. Mark Sensing

Mark sensing is the automatic conversion
of a manually marked card into punched
holes in the same card. These marks
must be able to conduct electricity. This
is not a standard feature on the machine.

d. Summary Punching

The accounting machine and the repro-
ducer can be used together to summarize
information and then punch that infor-
mation into a card. This method is often
used to update accounts. A new balance
is computed for each account by use of
the counters in the accounting machine.
The new balance is then relayed through
the summary punch cable where it is

punched into a new card. This function

27

will be explained more fully in the sec-
tion concerning the accounting machine.

2. Features

Thig division will be concerned with the
IBM 514 Reproducer. The 513 is similar to
the 514. Other models of reproducers are
the 519 and the 528.

a. Hoppers

The 514 has two hoppers which hold
approximately 800 cards apiece. There
is a hopper for the read unit and one for
the punch unit. The cards are fed into
the machine with the 12-edge face-down.
The machine will automatically stop
when the last card from either hcpper
feeds into the machine.

b. Stackers

There are two stackers, and each will
hold approximately 1,000 cards. There
is one stacker for the read unit and one
stacker for the punch unit. When either
stacker fills, the machine will automati-
cally stop.

c. Main Line Switch
The main line switch controls the power
supply. There is a red light which comes
ON when the switch is turned ON.

d. Start and Stop Keys
The keys start and stop the cards from
fee...".;:.g through the machine. They con-
trol both the reading and the punch unit.

e. Read Unit
The read unit is located on the left side
of the machine. It consists of a hopper,
5 read X-brushes (RX), 80 reproducing
brushes, 80 comparing brushes, and a
stacker. It takes 3 card cycles for the
card to pass through the unit. On the
first cycle, the card is "read" by RX
and reproducing brushes. The RX
brushes do not take a full card cycle but
are set only slightly ahead of the repro-
ducing brushes. The comparing brushes
"read" the card on the second card cycle
and on the third cycle, the cards are re-
jected into the stacker.



f. Punch Unit
The punch is composed of a hopper, six
punch X-brushes (PX), 80 punch dies,
80 punch brushes and a stacker. On the
first card c),ele the card is "read" by the
six PX brushes just before they enter the
punch dies. It is while the card is under
the punch dies that the card is punched,
which is the only place on the machine
that will punch the card. On the second
card cycle, the punch brushes "read" the
card and on the third cycle the card is
ejected into the stacker. If the machine
is equipped with mark-sensing, the mark-
sensing brushes are between the PX
brushes and the punch dies.

g. Comparing Unit (Foils 14 and 15)
(1) Function

The comparing unit is used to de-
termine the accuracy of the cards
which have been punched. The
comparison may be between one
card in the read unit and cne in the
punch unit or between two cards in
read unit. When the comparing unit
finds two cards which have not been
punched correctly, the machine
stops and indicates the error. The
comparing indicator indicates the
set of comparing magnets that have
found an error. The restoring lever
is used to reset the unit and turn off
the compare light.

(2) Operation (Foil 16 Y-FF, 1-20)
The comparing unit has two sets of
hubs on the panel. Each comparing
unit consists of 80 pairs of electro-
magnets. (Some machines do not
have a full complement of compare
magnets.) A brush from one sta-
tion is wired to one side of a com-
pare unit, and a brush from another
statiJn is wired to the other side of
the same compare unit. The reading
brushes drop through holes in the
cards and the wires carry the elec-
trical impulses to the comparing
electromagnets to which they are
attached. Whenever one magnet en-
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ergizes and the other does not at the
same time, there is an error and the
machine will stop. If neither of the
magnets magnetize there is no punch
in that column and there is no error.
If both magnets magnetize at the
same time, there are punches in
identical rows of both cards in that
column and there is no error. Any
set of comparing magnets can be
used as long as the corresponding
sides of the set are wired to the cor-
responding columns being com-
pared.

h. Summary Punch Cable
The summary punch cable is used to con-
nect the reproducer with the accounting
machine during the summary punch op-
eration. When it is not in use the cable
must be disconnected and returned to
the receptacle.

3. Straight Reproducing (Foils 16, 17, 18)
In straight reproducing the reading and
punching units are synchronized. The origi-
nal deck is placed in the read hopper and
the cards to be punched are placed in the
punch hopper.

As a card is fed into the reproducing
brushes in the read side, a card is also fed
into the punch dies in the punch side. The
card in the read side is "read" by the re-
producing brushes and the same data is

punched into the other card by the punch
dies. The wiring necessary is from the re-
producing brushes to the punch magnets.

To wire the comparing unit, the compar-
ing brushes (read side) are wired to the top
half of the comparing unit, and the punch
brushes (punch side) are wired to the cor-
responding set of compare magnets hubs in
the lower half of the comparing unit.

4. Gang Punching

a. One Master Card (Foil 19)
When gang punching with one master
card, all the cards in the deck will con-
tain the same data as the master card
for the field that is gang punched. The
master card contains the data that is to
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be punched into all the following cards
(detail cards). The punch side of the
machine is used to punch the cards. The
read side can be used to compare the
cards after they are punched, but it is

unusual to compare the gang punched
cards with one master card.

The cards are placed in the punch
hopper. The first card (master) passes
under the punch dies and enters under
the punch brushes; and at the same time
the next card is entering the punch die
station. The data in the master card is
read and punched into the following
card. After the second card has been
punched, it is "read" by the punch
brushes and that information is punched
into the next card. The same process is
followed until all the cards have been
punched. The punch brushes are wired
to the punch dies on the control panel.

The read side is used to compare the
cards after they have been punched. The
reproducing brushes are wired to one
side of the compare unit and comparing
brushes are wired to the other side of the
unit. Comparing works in a similar
manner as punching. The card at the
comparing brush is compared to the card
following it at the reproducing brush
station.

b. Interspersed Gang Punching (Foils 19

and 20)

The same basic pattern of wiring is used
to gang punch with either one master
card or more than one master card (in-
terspersed master gang punching). In
addition to the wiring already described,
it is necessary to add two wires to the
control panel. One of these is from one
of the Punch X-brushes to one of the PX
hubs. The other wire is from one of the
Read X-brushes to one of the RX hubs,
if comparing is to be done.

Since there is more than one master
card, it is necessary to suspend punching
for one card cycle to allow the master
card to pass by the punch dies without
being punched. The Punch X-brushes
"read" X-punches just before the cards

''
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enter the punch die station. This allows
the master cards to be identified before
they can be punched. The Read X-
brushes perform the same function on
the read side except they suspend com-
paring for one card cycle.

5. Emitters

(a) O-X Emitter
These four hubs produce on impulse at
both 11-(X) and 0-time. These hubs
may be used to add control punches or
to increase the size of a field by adding
O's. To punch an X or an 0, it is

necessary to use a column split, since
the emitter gives out both impulses.

(b) Gang Punch Emitter
The gang punch emitter is a combina-
tion of 12 hubs. Each hub produces an
impulse at .he time one particular row
is being punched. There is one hub for
each punch position. The gang punch
emitter is an optional feature on the
514.

6. Switches

a. Reproducing Switch

The reproducing switch synchronizes the
reading and punch feeds. If either hop-
per empties, the machine automatically
stops. This switch should be ON when
both feeds are to be used to perform one
operation and OFF when used indepen-
dently, as in gang punching.

b. Selective Reproduce and Gang Punch
Compare Switch

This switch allows the reading unit to
feed continuously when it is ON. This
switch should be ON only when a selec-
tive reproducing or a gang punch and
comparing operation is being run.

c. Card X-Punch

This switch is used to identify which card
contains the X-Punch in an interspersed
master gang punching operation. If the
master cards contain the X-punch, the
switch should be in master position (up).
If the detail cards contain the X-punch,



the sw.:ch should be in the detail posi-
tion (down).

B. Review Questions

1. What is the function of the reproducer?
What are the four basic operations that it

can be used to perform?

2. The read unit consists of what parts?

3. The punch unit consists of what parts?

4. What is the function of the comparing unit,
and how does it operate?

5. What must be taken into consideration when
more than one master card is used in the
gangpunching operation?

6. What is a O-X emitter and a gangpunch
emitter?

7. What is the purpose of the following
switches?

a. Reproduce switch

b. Selective reproduce and gangpunch com-
pare switch

c. Card X-punch switch

C. Laboratory Problems

1. Gangpunch, problem IX -1

2. Straight reproduce, problem IX-2

3. Interspersed gangpunch, problem IX-3
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DIVISION X: COLLATORFILE
MAINTENANCE

A. Units of Instruction

I. Function of the collator
The primary purpose of the collator is to
arrange cards in an orderly sequence and is
therefore used to perform the file mainte-
nance function as does the sorter. Unlike
the sorter, the collator performs this function
by the comparing of one card with another.

This section will deal with the IBM 85
numerical collator. Since most applications
are numerical, this is probably the most
widely used model. Another machine, the
IBM 87, is an alphabetic collator.

2. Six basic operations
The collator can be used to perform six basic
operations, but it is possible to combine
several operations so that they are performed
at once.

a. Selection

As was true with the sorter, selection is
the removal of certain cards without dis-
turbing the order of the remainder of the
deck of cards. Factors which can be
used to control the selection of cards are
(1) cards with X-punches, (2) cards
without X-punches, (3) the first card of
a group, (4) the last card of a group,
(5) cards with blank columns, (6) cards
which are out of sequence, and (7) cards
with a particular number.

b. Checking sequence
Sequence checking is used to determine
if all the cards in a file are in correct
order. This operation is often performed
while other basic operations are being
performed.

c. Merging

Merging is the combination of two files
into a single combined file. Both files
must have previously been arranged in
sequence before the merging operation
can begin.

d. Merging with Selection
.

Merging with selection is similar to the
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merging operation with the exception
that cards in either file which do not
have a corresponding card (equal num-
ber) in the other file, are selected out as
the two files are merged. Cards may be
selected from either or both of the two
files. When the operation is completed
there will be three groups which are
composed of the merged cards and the
selected cards from both groups.

e. Matching

Matching is the process by which cards
of two separate files are compared to
determine if there is a card or cards in
one file for each card or cards in a sepa-
rate file. The cards in both files must
be arranged in sequence before the
matching operation begins.

There can be four groups of cards
when the matching operation is com-
pleted. These are the two groups which
contain cards which match and the two
groups of selected cards which do not
match.

f. BlankColumn Detection
The machine has the ability to check
cards for blank columns. When a blank
column is found the cards stop feeding
and a blankcolumndetection light is
turned ON. This operation can be com-
bined with other operations.

3. Features of the IBM 85
a. Main Line Switch

The main line switch supplies power to
the machine and is located on the right
side of the machine.

b. Hoppers (Foil 21)
The 85 has two card feed units, which
are located in the upper left-hand corner
of the machine with one unit just above
the other. The top unit is known as the
secondary feed. and the lower unit is
known as the primary feed. Each hopper
will hold approximately 800 cards.
Cards can be added while the machine is
in operation provided there is at least an
inch of cards remaining. The cards are
placed in the hopper 9-edge face down.

09
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When the last card feeds from either
hopper the machine will automatically
stop.

The cards from the secondary hopper
pass one set of 80 brushes known as the
secondary read. The cards from the pri-
mary hopper pass two sets of 80 brushes.
The first set of brushes is the sequence
read and the second set which the card
passes is known as the primary read.

Each feed operates at 240 cards per
minute. With both feeds operating simul-
taneously a maximum of 480 cards can
be fed.

c. Pockets (Foil 21)
The 85 has four pockets that are num-
bered from right to left 1, 2, 3, and 4.
The cards from either feed will normally
fall into pocket 2 unless the machine is
instructed by the control panel wiring to
place the cards into another pocket.
Cards from the primary feed can fall into
either pocket #1 or pocket 442. Cards
from the secondary feed can fall in pock-
ets #2, #3, or #4. Wren any of the
pockets fill, the machine will stop auto-
matically.

d. Operating Keys and Lights

( I ) Start

The start key is used to cause cards
to start feeding from the primary
and secondary feeds. The key
should be depressed for three card
cycles before the machine will feed
cards automatically.

(2) Stop
The stop key may he used at any
time during an operation to stop
cards from feeding.

(3) Run-out
The run-out key is used after the
last card is fed from either hopper
to move remaining cards in the ma-
chine into the proper pockets.

(4) Reset Key
The reset key is used to restart the
machine after the blank column de-
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tection light or the error light is

turned ON.

(5) Ready Light
The ready light indicates that the
main line switch is ON. When cards
begin to feed through the machine,
the light is turned OFF.

(6) BCD 1 (Blank Column Detection I)
Whenever a blank column is found
in a field wired to the Blank Column
Detection Entry One, this red light
is turned ON.

(7) BCD 2 (Blank Column Detection 2)
This light is similar to BCD I with
the exception that Blank Column
Detection Entry Two is used on the
control panel.

4. Control Panel Hubs (Foil 22)
The control panel for the 85 ailows the ma-
chine to be used to perform many varied
operations. This section will deal with the
basic fundamentals of control panel wiring.
These examples should cover most of the
collating operations which are used. Those
who must go beyond these examples should
consult the reference manual. (IBM 85 and
87 Collators)

a. Secondary Read (C-F, 1-20)
These exit hubs supply impulses which
are picked up by the secondary read
brushes. There is one hub for each of the
80 secondary read brushes.

b. Sequence Read (AE-AH, 1-20)
These exit hubs are used to supply im.
pulses from the 80 sequence read

brushes. This set of brushes is the first of
two sets in the primary unit.

c. Primary Read (U-X, 1-20)
These exit hubs give off impulses from
the 80 primary read brushes. The pri-
mary read brushes are the second set of
brushes in the primary unit.

d. Blank Column Detection
These hubs are used to check for un-
punched (blank) columns. There are two



units called Entry One (G-H, 1-8) and
Entry Two (Y-2, 1-8). Each unit has
eight positions which are standard and
eight positions which are optional.

The DI (direct impulse) hubs (G-H,
20 and Y-2, 20) emit an impulse on all
cycles and are wired to the unused blank
column detection hubs.

The BCD CTRL (Blank Column De-
tection Control) hubs (S and T, 23-25)
are used to control the two units. The S
and P (Secondary and Primary) hubs
(S-T, 25) must be wired to the prorcr
hubs for each unit (S, 23 and 24 for unit
one and T, 23 and 24 for unit two).

e. The Selector Unit

The selection unit is used for a large
number of operations performed on the
collator. The unit allows cards to be
compared by 16 sets of electro-magnets.
Since one position is used for each col-
umn, up to 16 positions can be com-
pared.

The impulses from the secondary cards
are normally wired into the Secondary
Selector Entry (J, 1-16) and impulses
from the primary cards are wired into the
Primary Selector Entry (AA-AB, 1-16).
(If blank column detector is used, the
impulses may have been wired through
the common hubs of these units.)

The selector unit will cause impulses
to be given from one of the three sets of
Selector Control Exits as a result of the
compare. When the secondary number is
lower than the primary number an im-
pulse is emitted by the common Low
Seedy (Low Secondary) hubs (A, 23-
26). It the two cards are equal an im-
pulse wiii be given off by the common
Equal hubs (B, 23-26). If the primary
card is low, the impulse will be available
at the common Low Pri (Low Primary)
hubs (C, 23-26).

f. Sequence Unit (Foils 22 and 23)

The sequence unit allows the cards from
the primary feed to be checked for cor-
rect sequence. The card which is read by
IIIIthe sequence brushes is compared with
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the card read by the primary brushes.
The Primary Sequence Entry (AC, 1-16)
provides for 16 positions to be checked
for sequence. The impulses are supplied
trom the Primary Read. (These may be
wired through the selector unit or the
blank column detection.) The Sequence
Entry (AD, 1-16) provides for impulses
from the Sequence Rear.: to be compared.
An impulse will be emitted by one of
the three Sequence Control Exits as a
result of the comparison of the two cards.
If the card at the sequence read is higher
than the number in the corresponding
field of the primary read, an impulse
will be given off by the common High
Seq (High Sequence) hubs (D, 23-26).
If the two cards are equal an impulse
will be given off by the common Equal
Seq (Equal Sequence) hubs (E, 23-26).
If the card at the sequence read is lower
than the card at primary read, the com-
mon Low Seq (Low Sequence) hubs (F,
23-26) will emit an impulse.

Functional Entries

(I) Seedy Sel

The Secondary Selection hubs are
used to select secondary cards into
pocket #2 (A, 41-42) -1r pocket
#3 (A, 43-44).

(2) Pri Sel (B, 41-44)

The Primary Selection hubs are used
to select primary cards into pocket
#1.

(3) Pri Eject (D, 41-44)

The Primary Eject hubs are used to
cause a primary card to eject while
all other primary cards do not move.

(4) Pri Feed (E, 41-44)

The Primary Feed hubs cause a
primary feed cycle to occur.

(5) Error Stop (F, 41-44)

The error stop hubs cause cards to
stop feeding and the error light to
be trilled ON.



h. Basic set-up switches
The basic set-up switches are Aormally
wired ON for most collating operations.
The center hub and the hub to the right
are :onnected to turn the switch ON.

(1) Sec (L, 23-25)
The Secondary Feed Switch emits
an impulse as the result of a low
secondary compare by the selector
units and causes another card to
feed.

(2) Ej (M 23-25)
The Eject switch emits an impulse
when the number in the primary
side of the selector unit :al or
lower than the number in t, ,econ-
dary side. This causes the primary
card to be ejected.

(3) Pri (N, 23-25)
The Primary Feed switch causes
feeding whenever the primary card
is equal or lower than the secon-
dary card.

(4) MSS (P, 23-25)
The Multiple Secondaries and Selec-
tion switch is wired on whenever
there are two or more secondary
cards with the same number in the
control field.

(5) In lk (Q, 23-25)
The interlock switch is wired so
that selection will take place nor-
mally when the last cards pass
through the collator.

(6) Pri Chg. (R, 23-25)
The Primary Change switch is used
in connection with the other set-up
switches to help them perform their
functions.

i. CTRL 1NP
The Control Input hubs (U-V, 23-25)
are normally wired to the Sel (Selection)
hub (V, 24) and the Seq (Sequence)
hub (V, 25) to cause the selection and/
or the sequence units to test the compari-
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sons and emit impulses to the functional
entries.

j. Restore (W-X, 23-26)
These switches cause the machine to
clear the two sides of the selector and
sequence units. The S, P, PS and Seq
hubs (W, 23-26) are wired to the three
P (primary) restore hubs (X, 24-26)
and the S (secondary) restore hubs (X,
23) which are directly underneath. Nor-
mal wiring practice is to wire these hubs
although it may not be mandatory for
the particular operation.

5. Control Panel Wiring (Foil 22)

a. Checking Sequence

(1) Operation
Sequence checking is performed by
the primary feed only on the 85.
The sequence can be checked for
either ascending or descending or-
der. The operation involves the
comparison of one card with the
following card by the use of the
sequence unit. If cards are found
to be out of sequence the machine
can be wired to stop.

(2) Wiring
The card columns to be compared
for sequence are wired from the
sequence read (AE-AH, 1-20) to
the sequence entry (AD, 1-16) and
from the primary read (C-F, 1-20)
to the primary sequence entry (AC,
1 -16). The sequence control exits
(D-F, 23-26) will give off impulses
according to the results of the com-
pare; high sequence (D, 23-26),
equal sequence (E, 23-26), low se-
quence (F, 23-26). The set of hubs
which represents the el:or condi-
tion should be wired to the error
stop hubs (F, 41-44). The error
condition will depend upon the se-
quence of the cards and the nature
of the job being performed. When
cards are in ascending order the low
sequen^, hub (F, 23-26) is wired
to error stop (F, 41-44). All of the



basic set-up switches (L-R, 23-25),
Control inputs (U-V, 23-25) and
the restore hubs (W-X, 23-25)
should also be wired ON.

b. Blank Column Detection
Blank column detection can be wired for
either or both of the card feeds. The
secondary read is normally wired to unit
one (G-H, 1-8) and the primary read is
wired to unit two (Y-Z, 1-8). The com-
mon hubs for each unit allow the im-
pulses to be wired to other units such
as the selector and sequence units. The
remaining hubs of each unit which are
not to be used should be wired to the
Direct Impulse hub (G-H and Y-Z, 20)
to prevent false indications of blank col-
umns. The blank column detection con-
trol switches (S-T, 21-25) should be
wired ON with the S (secondary) and P
(primary) hubs wired for the appropri-
ate units which are used.

c. Merging

The secondary read (E-F, 1-20) for the
field to be selected is wired to the secon-
day selection entry (J, 1-16), and the
primary read (U-X, 1-20) is wired to the
primary selector entry (AAAB, 1-20).
(Both the secondary and/or the primary
read may be wired through the blank
column detection units. If the sequence
checking is desired, the impulses from
the primary read should be carried into
the primary sequence entry.)

All of the basic set-up switches (L-R,
23-25), control input (U-V, 23-25) and
restore hubs (W-X, 23-25) should also
be wired ON. If the sequence unit is

used to check sequence, low sequence
(F, 23-26) should be wired to error stop
(F, 41-44).

d. Merging With Selection

The merging with selection operation is
similar to the wiring for merging with
the exception that it is necessary to select
cards from either feed which do not have
an equal number in the corresponding
file. To the wiring which has been de-
scribed in the merging section, the low
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primary hub (C, 23-26) should be
wired to the primary selection hub (B,
41-44). The low-primary impulse will
cause the primary cards with no match
to be selected into pocket one. In
addition, secondary cards with no match
should be selected by wiring, low secon-
dary (A, 23-26) to secondary select.
Either pocket three (A, 43-44) or
pocket four (A, 41-42) can be used to
select the secondary cards.

e. Matching

In the matching operation, unlike the
merging with selection operation, cards
with an equal number are not merged
into one file, but are kept in separate
groups. In addition to the wiring already
described in the merging and merging
with selection sections, it is necessary to
wire the equal hubs (B, 23-26) to secon-
dary select 3 (A, 41-42). The equal im-
pulse will cause matched cards to fall in
pocket number 3 Low secondary should
be wired to secondary select 4 (A, 43-
44) to cause secondary cards without a
match to fall into pocket number 4.

B. Review Questions

1. For what function is the collator used?

2. List and define the six basic operations of
the collator.

3. Describe the two card feed units of the 85.
How are cards inserted into the machine?

4. Into which pocket will cards normally fall?
What other pockets can the cards for each
unit fall?

5. What is the purpose of the following keys
and lights?
a. Start
b. Stop

c. Run-out
d. Reset

e. Ready light
f. BCD
g. BCD2



6. What is the purpose of blank column detec-
tion? Explain how it is wired.

7. What are three possible results from com-
paring two cards in the selector unit (selector
control Exits)? How many positions can be
compared?

8. What is the sequence unit and how is it used?
What is the purpose of the sequence control
exits?

9. What is the result of impulsing the followirq
functional entries?

a. Secy Sel

C.
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b. Pri Sel

c. Pri Eject
d. Pri Feed
c. Error Stop

10. Describe the wiring for matching, merging,
and merging with selection.

Laboratory Problems

1. Merging, problem X-1

2. Matching, probicm X-2

3. Merging with selection, problem X-3



DIVISION XI: INTRODUCTION TO THE
ACCOUNING MACHINE

A. Units of Instruction

I. Features of the 402 Accounting Machine

a. Purpose

The purpose of the 402 Accounting Ma-
chine or tabulator is to print reports
from punched cards by means of control
panel wiring.

b. Speed

Information is printed at a rate of 50 to
150 cards a minute. The 402 prints only
one line of information from each card
at any given time. The full-speed 402
tabulator lists at the rate of 100 cards a
minute and tabulates (lists a single total
for a group without listing the individual
items) at the rate of 150 cards a minute.
The "Series 50" machine operates at the
rate of 50 cards per minute for both
listing and tabulating.

c. Print unit (Foils 24 and 25)
The print unit records information on the
report form. This unit consists of two
sections of typebars divided by a ribbon
guide. The alphamerical section on the
left may contain a maximum of 43 type-
bars, each having all 26 alphabetic
characters, the numbers 0 through 9, and
a special character position which con-
tains the ampersand (&) character. The
numerical section on the right may have
a maximum of 45 typebars, each con-
taining the numerals 0 through 9, the
asterisk symbol on odd-numbered type-
bars, and the credit symbol on even-
numbered typebars. The standard 402
tabulator has 88 typebars consisting of
43 alphamerical and 45 numerical type-
bars. Some machines have 73 typebars
consisting of 43 alphamerical and 30
numerical typebars. Other machines have
only 55 typebars consisting of 25 alpha-
merical and 30 numerical typebars.
Alphabetic information can be printed
only on the left side of the machine, but
numeric data may be printed with any
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typebar. The ribbon guide takes up a
space the width of one typebar. Each
typebar has a hammer that fires after all
typebars have been positioned, forcing
the typebar character against the paper.
The 402 uses the parallel method of
printing in which the entire line is

printed at one time. Typebar positioning
will be included in Division II.

d. Card feed hopper
The hopper may hold '''800 to 900 cards.
Cards are placed in the hopper face
down, nine-edge toward the throat of the
machine. The machine stops when the
data from the last card has been printed,
but the last three cards will still be in-
side the machine and must be moved
into the card stacker by pressing and
holding down the start key. A card
weight should always be placed on top
the card deck in the hopper.

e. Card stacker
The stacker may stack up 1,000 cards
face forward, nine edge down. When the
stacker becomes full, a toggle-type switch
can shut off the machine.

f. Control panel
The control panel contains the external
wiring that gives the machine its versa-
tility in printing, summarizing, and spac-
ing. The control panel is of the same
general type used in the reproducer and
interpreter and contains exit hubs (emit
impulses) and entry hubs (accept im-
pulses). The hubs will be explained in
the other divisions. The control panel is
inserted in the rack located at the left
of the machine, and the handle must be
placed in the down position so the panel
will make coniact with the prongs or
springs in the machine. Wires should not
be inserted or removed while the panel is
in position because damage to the
prongs may result, causing machine mal-
function. (Show a control panel)

Operating switches and signals
The main line switch is located on the

right beneath the reading table and must

g.



be turned on to give the machine the
electrical current by which it operates.

The start key is depressed to start the
feeding of cards into the machine and to
run the cards into the stacker after the
machine stops.

The stop key may be pressed to stop
cards from feeding from the hopper.

The final total key is depressed to
print a final total.

The unlabeled red light goes on when
the main line switch is turned on and the
machine is idling.

The stop light comes on whenever the
machine stops because of an impulse re-
ceived by a machine stop hub on the
control panel.

The fuse light goes on whenever a fuse
burns out.

The form light goes on when the last
form is within 10 inches of the platen if
the form stop device is made operative
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by positioning the lever at the left side
of the carriage.

The card feed stop light goes on if a
card fails to feed from the hopper.

2. Demonstrate the machine to the class by
running a listing to illustrate printing.

3. Form Layout
The form layout at the bottom of the wiring
chart is used to plan the printing of the
report. Printing positions are indicated by
either placing an x mark in the typebar posi-
tions of a print field or marking off print
fields by drawing vertical lines from the Re-
port Headings line through the Class of Total
line. The report headings and card field
headings are printed over the print field, and
the card columns used are included. Ham-
merlock or hammersplit levers that are used
are indicated by an x mark.

B. Laboratory-402 demonstration



DIVISION XII: DETAIL, PRINTING

A. Units of Instruction

1. Numerical printing
a. Path of the card (Foils 26 and 27)

The 402 has two sets of brushes, labeled
second and third reading. The cards are
placed in the hopper face dow ii, 9 -edge
toward the throat. The cards move from
the hopper, past the 80 second reading
brushes, past the third reading brushes,
and into the stacker. Each of the 80
cat d columns is read" by one of the 80
third reading brushes. The card moves
past the brushes one row at a time. When
a hole is sensed in the card (by the
brush's dropping through and making
contact with an electrically charged
roller), an impulse travels over internal
wiring to the hub on the control panel.
labeled third reading, and correspond-
ing to the card column in which the hole
is punched. The impulses are used to
move the typebars to cause printing.

b. Third reading (Foil 44)
There are two sets of third reading hubs,
each containing 80 hubs, (O -P, 1-40;
DD-EE, 1-40). Both sets can be used
interchangeably, although the lower set
is more often used when using counters
or co-selectors.

c. Normal alphamerical print entry (Foil
44)

These hubs (Q, 1-43) correspond to the
43 typebars on the left side of the full
complemented machine.

d. Numerical print entry (Foils 44 and 28)
These hubs (R, 1-44; S, 44) correspond
to the 45 typebars on the right side of
the machine. Both types of print entry
hubs will accept impulses from the third
reading brush lilibs. The print entry hubs
are connected internally to the corre-
sponding typebars. The numerical type-
bar moves up one number as the card
moves one row past the third reading
brushes. The typebar stops moving when
it receives an impulse resulting from a

i
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punch in the card column that is to be
printed.

e. List (Foil 44)
All the typebars rise every time a card
passes the third reading station if one of
the List hubs (Z, 41-42) are impulsed.
Hammers will cause the typebars to print
if the card columns contain punches and
the list hub is impulsed from an all cycles
hub.

f. All cycles (Foil 44)
These ten hubs (HH, 41-50) emit im-
pulses on every machine cycle, including
those cycles when the cards are not mov-
ing. As indicated above, to list data from
every card, the list hub must receive an
impulse from an all cycles hub.

2. Alphabetic printing (Foils 44 and 29)
An alphameric typebar must be :mpulsed
from both the zone punch and the digit
punch in the same column when printing
letters. Each alphamerical typebar has a zone
group selector which must be positioned.

a. Normal zone entry (Foil 44)
These hubs (L, 1-43) accept only zone
impulses. An impulse (0-12) received
by these hubs positions the zone group
selector of the typebar. The typebar
starts moving when it receives a 0-12
zone impulse and stops at 12 time. When
a zone impulse is absent, the typebar will
print a number.

b. Second reading (Foil 44)
The 80 second reading brush hubs (M-N,
1-40) read all 80 columns of the card.
The zone group selector must be im-
pulsed before the digits impulse the type-
bar; therefore, the normal zone entry
hubs must be impulsed from second
reading.

c. Normal alphamerical print entry (Foil
44)

These hubs (Q, 1-43) correspond to the
typebars that contain all 26 alphabetic
characters, the numbers 0 through 9, and
a special character position which con-
tains the ampersand character (&).
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d. Third reading (Foil 44 and 29)

These hubs (O -P, 1-40; DD-EE, 1-40)
are connected internally to the third
reading brushes. When the card is at the
third reading station, the typebar begins
moving at 9 time and stops whenever it
receives an impulse from a hole punched
in the card. The movement of the type-
bar is synchronized with the reading of
the card.

3. Hammersplit levers (zero suppression)

The machine is engineered to print up to
twelve preceding zeros automatically on the
numeric side following a significant digit or
until it comes to another significant digit
unless hammersplit levers are raised. There
is a hammersplit lever for each typebar.
When a hammersplit lever is raised, zeros
from the position to the right of the lever up
to the next significant digit or special charac-
ter are suppressed. Therefore, on the nu-
meric side of the machine, it is usually desir-
able to raise a hammersplit lever on the low-
order position of each field and at each
special character position.

The- printing of zeros is different on the
two sides of the machine. An understanding
of when zeros will print is important in
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order to know when to set hammersplit
levers.

a. Alphamerical typbars
These typebars print zeros only

I) if the zero is punched in the card or
present in the counter,

2) if the position is wired to a typebar,
and

3) if there is a significant digit or charac-
ter to the left of the zero.

b. Numerical typebars
Zeros up to 12 are printed by unwired
typebars to the right of any significant
digit. The raising of hammersplit levers
will remove wired zeros; but, of course,
a zero appearing in a number will print.

4. To explain the use of the 402 to print an
alphabetic and numeric report use a report
similar to that shown on page 12 of the
IBM 402 Accounting Machine Manual of
Operation (Form number A224-5654)

B. Laboratory

1. Numerical listing, problem XII-1

2. Alphabetic and numerical listing, hammer-
splits, problems XII-2 and XII-2A



DIVISION XIII: ADDITION

A. Units of Instruction (Foil 30)

1. One of the functions of the 402 is accumu-
lation. The 402 adds by means of counters,
which are a series of wheels with numbers
0-9 similar to a speedometer. A number and
letter indicate the size and group of a
counter. An 80-counter machine has four
2-position, four 4-position, four 6-position,
and four 8-position counters. The groups
are A, B, C, and D. (Show panel diagram)
On machines having only 56 counter posi-
tions, counters 4C, 4D, 8C and 8D are not
operative.

2. Four basic steps in addition
a. What information is to be accumulated?

(Counter entry)
b. Which cards are to be added? (Counter

control)
c. Where should the data and total be

printed? (Counter exit to typebars)
d. When should th. total be printed?

(Counter read-out and reset)

3. Counter Entry
These counter entry hubs (Z-CC, 1-40) ac-
cept information to be added in a counter.
The counters usually receive numerical data
to be added when cards are at the Third
Reading station. A connection must be
made on the Control Panel from Third
Reading hubs to the Counter Entry hubs of
the appropriate size counter. Each Counter
Entry position has two electrically common
hubs, either of which may accept impulses
from a Third Reading hub. The counter
number chosen must be large enough to hold
the total of all the numbers entered. The
lower order position of the counter is wired
first. (Illustrate on a panel diagram)

4. Counter Control (Foil 44)
A counter will add the data it receives only
if it receives an instruction (an electrical
impulse) to do so. The Counter Control
Plus hub (S-T, 51-66) of the chosen counter
must be impulsed. The Card Cycles hubs
(J-Q, 49-50) emit impulses on every card
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feed cycle, and may be used to impulse
Counter Control Plus. Hubs J-N, 49 are
available on every card cycle. Hubs 0-0, 49
and J-Q, 50 are not available when head
control is wired.

5. Print (Foils 44 and 31)
Each counter entry has a corresponding
counter exit (S-V, 1-40) from which detail
and total printing is obtained. The Counter
Entry hub is internally wired to send data to
the counter, and the counter sends data to
the Counter Exit hub. When the Counter
Exit hub receives an impulse from the
counter, it sends an impulse to a print entry
hub, if wired. The lower order position of
the counter is wired to the lower order posi-
tion of the print field. Be sure to wire
enough positions to take care of the totals.

6. Totals
Each counter has a pair of common total
entry hubs (GG-HH, 51-66), which when
impulsed will cause the counter to read out
(print the total) and clear (reset to zero).

There are three Final Total exit hubs (BB,
42-44), each independent of the other.
These hubs emit an impulse when the final
total key and start key on the machine are
depressed if the machine is idling, if the
hopper is empty, and if the last card is in the
stacker.

To cause spacing before a final total, wire
from a Final Total hub to Space Control 1
fora single space, 2 for a double space, or
3 for a triple space. (AA, 42-44)

7. Method of addition
When a brush reads a punched hole, the
counter wheel starts moving and continues
to move one position for each row (9-0) of
the card left to be read. When the zero posi-
tion of the card is reached, the counter
wheel stops moving.

The List hub must be impulsed from All
Cycles in order to list every card; otherwise,
only the totals will print.

8. Diagram and explain the last column of
figure 13, page 19 of the IBM 402 Manual.

B. Laboratory ProblemsXIII-1



DIVISION XIV: PROGRAM CONTROL

A. Units of Instruction

1. Meaning and function of program control
(Foils 44 and 32). The 402 can add data,
print subtotals, then add all the subtotals
and print a final total.

A total for each individual customer's
sales is a minor total compiled from a
minor group. The machine can distinguish
between the cards of one minor group from
the cards of another, since the 402 is able
to compare two cards at a time. A change
in customer number or name is a signal to
the counters to print a minor total. This
signal occurs when the last card of one
minor group reaches the Third Reading sta-
tion. One card read at the Second Reading
station is compared with the other read at
the Third Reading station. Comparing
magnets are wired to hubs called Comparing
Entry hubs (G, J, 25-44). A wire from ea-h
reading station must be wired to each Com-
paring Entry row. If the fields are punched
the same, indicating the same program
group; then the machine continues to feed
cards. If the panel is properly wired and an
unequal comparison occurs, the machine will
start a total program cycle. In order to start
a total program when there is a difference in
any column of the field, all but the leftmost
hub (I, 25) must be connected in a line.
(Illustrate with a panel diagram) If an un-
equal comparison results, the exit emits an
impulse. When the difference is detected by
the Comparing Entry, an impulse from the
last Comparing Exit hub in the line may be
used to operate the Minor Program Start
(P, 45). When the Minor Program Start hub
receives an impulse, the Minor Program
hubs (CC, 44-50) will be activated one
cycle later. An impulse from any Minor
Total Program hub to Counter Total will
cause the counter to readout and reset to
zero. The comparing units operate in much
the same way as those of the 514 Repro-
ducer. (Foil 9)

2. Asterisk printing (Foil 44)
An asterisk may be printed from odd-num-
bered numerical typebars by wiring one of

the asterisk-symbol exit hubs to numerical
print entry. Hub F (BB, 41) emits an im-
pulse on final totals; hub 1 emits an impulse
on minor totals; hub 2, on intermediate
totals; and hub 3, on major totals. An aster-
isk symbol may also be printed from the
"10" hubs.

3. Diagram and explain the minor total portion
of figure 17, page 24, of the IBM 402
Manual.

4. Intermediate totals and major totals (Foil
44)

Intermediate totals are totals of minor totals,
and major totals are totals of intermediate
totals. In figure 17, page 24 of the IBM 402
Manual, the minor group has the sub-ledger
number, the intermediate group has the
general-ledger number, and the major group
has the department number. Intermediate
and major programs may be started by com-
paring also. Wiring for these programs is
similar to wiring for a minor program. When
the intermediate program start is impulsed, a
minor total cycle is taken before the inter-
mediate total cycle. The major program also
forces a minor total cycle and an inter-
mediate total cycle before the major cycle.
The forcing of cycles is necessary because
the minor control group numbers in two
intermediate groups might be identical. The
minor counters must also total and reset to
zero when the intermediate program cycle is
taken.

To obtain minor, intermediate, and major
totals, wire from third reading to the counter
entry hubs of the minor counter. Connect
the other common counter entry hubs of the
minor counter to the intermediate counter
entry hubs and the other intermediate counter
entry hubs to the major counter entry
hubs. The counter exit hubs of each group
are connected to the typebars. The minor,
intermediate, and major counters are all im-
pulsed to add on every card (card cycles).
The minor counter totals by wiring a minor
total program exit to counter total. Inter-
mediate and major program exits are used
to total the intermediate and major counters.
To prevent the intermediate and major
counters from listing the amounts from every



card, the exits of these counters must be
suppressed on card cycles. (Wire card cycles
impulse to Y-Z, 51-66 or counter exit sup-
pression of the intermediate and major
counters.

5. Complete the diagram (figure 17, page 24 of
the IBM 402 Manual) for the intermediate
and major programs.

6. Program controlalphabetic fields
Wiring to compare alphabetic fields can be
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done. If the field is to be printed, split wires
are needed because only one set of second
reading hubs is available. One secoi read-
ing wire goes to the comparing entry hub
and the other goes to normal zone entry.

B. Laboratory Problems

1. Minor totals, problem XIV-1

2. Minor, intermediate, and major totals, prob-
lem XIV-2



DIVISION XV: PILOT SELECTORS
AND SUBTRACTION

A. Units of Instruction

1. Selectors (Foils 33, 34, and 35)
The selectors operate basically the same
way as the selectors on the interpreter and
reproducer. A selector is a device with a
two-position switch and a magnet, which is
a piece of iron with a wire wrapped around
it. When current flows through the wire, the
magnet is turned on and the switch -lever is
pulled to the upward T (transferred) hub
position. A connection is made between the
C (common) hub and the T (transferred)
hub. When no current flows, the magnet is
off; and the lever drops to make a connection
between the C (common) hub and the N
(normal) hub.

2. Pilot selectors (Foils 44 and 33) '
The 402 may have 16 two-position pilot se-
lectors (E-M, 51-66) , with 11 standard on
a 80-counter machine. The two positions are
vertically arranged, each position having a C
(common), a N (normal), and a T (trans-
ferred) hub. (Illustrate with panel diagram)
Each selector has three pickup hubsX, D,
and I. Only the X-pickup will be considered
at this time. If a card column containing an
X-punch is wired from the second reading
station to the X-pickup of a pilot selector,
one cycle later when the card is at the third
reading station a connection will be made
between the common and transferred hubs.
The absence of an X-punch in the particular
card column will keep the connection be-
tween the normal and common. Because the
selector transfers on the following cycle, the
card column containing the X-punch must
be read by the second reading brushes. The
selector drops out at the end of the follow-
ing cycle or when the card has been read at
third reading.

3. Uses of pilot selectors
Pilot selectors are used to control certain
individual functions; for example, listing,
controlling co-selectors, and controlling ad-
dition and subtraction. The use of pilot se-
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lectors to control addition and subtraction is
described in the following section.

4. Addition and subtraction with pilot selectors
(Foils 21 and 13) In accounting, there are
often credits which must be subtracted from
a total. Subtraction is accomplished by
impulsing one of the two common Counter
Control Minus hubs of the particular counter
(U-V, 51-66) from Card Cycles. If credit
cards contain an X-punch in a particular
column, these cards may be subtracted
(while normal cards are being added) from
the total by using a pilot selector. A card
cycles impulse is necessary for both addition
and subtraction; therefore, a car cycles hub
must be wired to the common portion of the
pilot selector. The presence of an X-punch
in the card will energize the magnet and
connect the common and transferred hubs;
therefore, the transferred hub should be
connected to the Counter Control Minus
hub of the counter used and the impulse
would travel from the card cycles hub to the
pilot selector common, out the transferred
side of the selector, and to the minus hub.
All cards without an X-punch will be added
when the impulse flows from card cycles to
the common hub, to the normal hub, and to
the counter control plus hub of the counter
used.

5. Net balance subtraction (Foil 44)
The 402 subtracts a number in a counter by

adding the nine's complement of that num-
ber. A net balance machine converts com-
plements to true figures before printing at
total time. In the example 8-3, the nine's
complement of 3 is 6; 6 added to 8 is 4 and
nne to carry. The carry must be added to the
4 to get the correct answer of 5. The CI

and C hubs (DD-EE, 51-66) are used for
the carryback from the left position of a
counter to the units position of the same
counter. Wire CI to C for the counter used.

If 8 had been subtracted from 3, the

answer would have been minus 5. The nine's
complement of 8 is 1; 1 added to 3 is 4.
Since there is no carry, the result is not a
true figure and must be recomplemented (9
minus 4 is 5) and prefixed by a minus sign
( 5 or 5 CR ). The Negative Balance Test



Exit hub (AA, 51-66) for the counter emits
an impulse when the counter is negative on
a total program cycle. The counter is con-
sidered negative if a nine is present in the
left position of the counter. Each counter
also has two common Negative Balance
Control hubs (BB-CC, 51-66), which, when
impulsed from the Negative Balance Test
Exit to cause a complement figure (4) to be
converted to a true figure ( 5) before
printing the total. In the following illustra-
tion, 08 is subtracted from 03 in a two-
position counter. The complement of 08 is
91. When 03 and 91 are added, the counter
shows 94. Because a 9 occupies the left
position of the counter, the Negative Bal-
ance Test Exit emits an impulse that goes to
the Negative Balance Control hub (if wired)
and causes the 94 to be converted or re-
complemented to 05 CR.

Each counter has a credit symbol exit hub
(FF, 51-66), which emits a ten-timed im-
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pulse when a figure is subtracted (Counter
Control Minus hub is impulsed) or a total is
negative. The CR Symbol Exit is wired to
any even-numbered numerical typebar.

6. Method of subtraction
The counter wheel turns in the same direc-
tion for subtraction as for addition. To add
the complement of a number, the counter
wheel advances one position for each card
row read and stop when a punched hole is
sensed. In addition, the counter wheel ad-
vances one position for each card row after
the punch in the card column has been
sensed and stops when the zero row of the
card has been read at third reading.

7. Diagram and explain the wiring for the
Commission Amount column in figure 23,
page 32 of the IBM 402 Manual.

B. Laboratory Problem

Subtraction, problem XV-1.
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DIVISION XVI: DIGIT AND X
SELECTION

A. Units of Instruction

1. Digit selectorsdefinition and function
(Foils 44, 37, and 38)

A digit selector is a device that separates the
impulses that come into it and allows the
machine to detect particular impulses. If an
impulse from a six punch went into the
selector, the impulse would come out only
at a six exit hub. There are two digit selec-
tors, A and B. These are optional features
with most machines having A. Each selector
(A-D, 45-57) has L pair of common (C)
entry hubs and a pair of common exit hubs
for each digit (9-0, 11, 12). Any of these
digit exits may be wired to D-pickup hubs of
pilot selectors and will function in the same
way as an X-punch wired to the X-pickup.
A second reading brush is wired from the
card column containing the control punch to
the C-hub of the digit selector. If the ma-
chine is to be controlled by an eight-punch,
the eight-exit hub is connected to the D-
pickup hub of a pilot selector. Only an
eight-punch would cause the selector to
transfer on the following cycle and to re-
main transferred until all rows of the card
have been read at the third reading station.
If any digit were sufficient for selection, wir-
ing could be between a second reading brush
and the D-pickup hub of the pilot selector.
The D-pickup will accept any 9-12 timed

impulse while the X-pickup will accept only
X or 12 impulses.

2. Digit emitting (Foil 44)
The DI (Digit ImpulseK, 44) emits an
impulse for every digit 9 through 0 and for
11 and 12 on every machine cycle. When
wired into the C hub of a digit selector, all
digit exits emit impulses on card feed cycles.
Use an illustration similar to figure 29, page
39 of the IBM 402 Manual.

3. X selectionpurpose (Foils 13 and 15)
A pilot selector can be used to separate X
from NX (no X) cards. The pilot selector
transfers on a X card so that the impulse
wired into the common of the selector will
be available out the transferred when a X
card comes through and out the normal side
when a NX card comes through. Amounts
for different types of transactionssales and
returnsmay be punched in the same card
field but added in separate counters by using
X (or digit) selection. Diagram and ex-
plain the wiring for figure 26, page 36 of the
IBM 402 Manual.

Selectors may be used to detail print some
cards and group print other cards. This will
be explained later. (See page 39 of the IBM
402 Manual)

B. Laboratory Problems

1. Digit selectionproblem XVI-1

2. Digit emitter and X selectionXVI-2 and
XVI-2A
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DIVISION XVII: GROUP INDICATION

A. Units of Instruction

1. Meaning and purpose of group indication
Group indication is the printing of certain
repetitive information from only the first card
of a group when detail printing. (See figure
38, page 46 of the IBM 402 Manual)

2. First card impulses (Foil 44)
The F r -d Minor, Intermediate, and
Major hi. , 41-43) emit impulses dur-
ing the print cycle of the first card of their
respective program groups.

3. Selector method (Foil 44)
Selectors may be used to control group indi-
cation. Co-selectors ra,z;: like other mag-
netic switches. Each co-selector has five
positions, and each position has a common,
normal, and transferred hub (W-Y, 1-40).
Each selector has two common pickup hubs
(A-D, 58-66), which when impulsed cause
the selector to be transferred immediately
for the remainder of the cycle. To use a
co-selector for group indication, the card
field is wired from the third reading brushes
to the common hubs of the selector and
from the transferred hubs to the print entry.
The selector is picked up by wiring the first
card impulse of the appropriate program
group to the co-selector pickup hub. Pro-
gram start must be impulsed from the com-
paring units. A review of the three program
levels might be necessary at this point. (See
Division IV.)

4. Hammer lock method (Foil 44 and 39)
Each typebar has t.vo hammerlock levers.
The short lever, when raised, prevents the
hammer from striking the typebar and print-
ing. The long hammerlocks when raised are
controlled by the hammerlock hubs on the
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control pane.. (A, 41-44). When these hubs
receive an impulse, the hammers do not fire
on the typebars for which the long hammer-
locks are raised. The D pickup hubs (A,
41-42) receive impulses to control hammer-
locking on the following cycle. The I (im-
mediate) pickup hubs receive impulses to
control haminerlocking on the same cycle.
All typebars are subject to hammerlock
control from a single impulse.

To use the hammerlock method to control
group indication, the card field is wired from
the third reading brushes to print entry, and
the long hammerlocks corresponding to the
typebars used are raised. The first card im-
pulse of the appropriate program group is
wired to the immediate pickup of a pilot
selector. A card cycles impulse is wired to
the common hub of the pilot selector, and
the normal hub is wired to one of the imme-
diate hammerlock pickups. For every pro-
gram change of the particular group, the
pilot selector will be picked up, causing a
break in the connection between the card
cycles hub and hammerlock hub and allow-
ing the information to print. The hammer-
lock method is the easiest to use for the
group indication of alphabetic data.

5. Counter method
The card field is wired from the third reading
brushes to counter entry of ti particular
counter. The counter exits are wired to print
entry. The first card impulse is wired to
counter control plus; therefore, printing will
occur only for he first card of a program
group.

6. Diagram and explain the wiring for figure 18,
page -to of the IBM 402 Manual.

B. Laboratory Problem

1. Group indicationproblem XVII-1



DIVISION XVIII: GROUP PRINTING
AND SETUP CHANGE

A. Units of Instruction

1. Meaning of group printing (Foil 40)
Group printing is the printing of accumulated
data instead of listing data from every card.
The list hub is not impulsed when group
printing. If program start is not wired. the
typebars rise only when the final total key
is depressed. If program start is wired, the
typebars rise to print the first card of each
group for group identification and to print
the total of each group. Unless the counter
exit is suppressed, the amount of the first
card will print; and the accumulated total
will print over this first card amount.

2. Setup change
Setup change allows the use of one panel
for several different reports without chang-
ing panel wires. Each setup change switch
has a hub on the control panel, which emits

an impulse each machine cycle when the
switch is on. The setup change exit hub may
be wired to the immediate pickup hub of
a pilot selector. (illustrate by using a panel
wired to group and detail print.) An all
cycles impulse wired through the normal
side of the selector to the list hub will be
blocked when the switch is turned on. A
card cycles impulse is wired through the
other transferred selector position to counter
exit suppression (Y-Z, 51-66) to suppress
the printing of the first amount in each pro-
gram group when group printing. If the
counter exit is not suppressed when group
printing, the accumulated total will print
over the first card amount.

3. Diagram and explain the wiring in figure 41,
page 48 of the IBM 402 Manual.

B. Laboratory Problems

1. Group printingproblem XVIII-1
2. Setup changeproblem XVIII-2
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DIVISION XIX: TOTAL TRANSFER

A. Units of Instruction

1. Purpose

The method of total transfer is used to
check the accuracy of totals. If the three
counters used for minor, intermediate, and
major totals are connected entry to entry by
using the common counter entries (See Di-
vision IVA4), one counter total could be in-
correct and the major total could be correct.
If the total transfer method is used, a correct
major total (or final total if four classes of
totals are used) assures the accuracy of the
other totals. Total transfer is also used to
print as many as four levels of totals from
the same typebars.

2. Total printing from the same typebars (Foil
44)

A separate counter is used for each group
total, but only the minor counter adds and
subtracts from the card. The minor total
prints and transfers to the intermediate
counter on a minor program change. The
intermediate total prints and transfers to the
major counter on an intermediate program
change. The major total prints and can be
transferred to a final counter on a major
program change. The final total prints when
the final total key is depressed after all cards
are in the stacker.

The third reading brushes are wired to the
minor counter entry. The minor counter
exit is wired to print entry and to the inter-
mediate counter exit. The intermediate
counter exit is wired to the major counter
exit. (Any of the counter exits could have
been wired to print entry.) Data can enter
the counter at either the counter entry or the
counter exit as long as the counter control
plus or minus hub is impulsed. The minor
counter is controlled b. card cycles wired
through a pilot selector to counter control
plus or minus. The carry exit and carry
entry and negative balance test exit and nega-
tive b:. 'ma control must be wired for each
counter used if subtraction is a possibility.
Counter total minor, intermediate, and major
must be impulsed from the minor, intermedi-
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ate, and major program exit hubs. The final
counter total must be impulsed from a final
total hub.

3. Transfer and S.P.X. control plus and minus
(Foil 21)

Only minor total must enter the intermediate
counter, only intermediate totals must enter
the major counter, and only major totals
must enter the final counter. The intermedi-
ate, major, and final counter controls must
be impulsed at total time instead of during
a card cycle. The Transfer and S.P.X. Con-
trol Plus and Minus hub (W-X, 51-66) of a
counter emits an impulse when the total hub
of the same counter is impulsed. The trans-
fer plus hub of the minor counter is wired
to the counter control plus hub of the in-
termediate counter, and the transfer plus hub
of the intermediate counter is wired to the
counter control plus hub of the major
counter. The transfer minus hub of the minor
counter is wired to the counter control minus
hub of the intermediate counter, and the
transfer minus hub of the intermediate
-ounter is wired to the counter control minus
hub of the major counter. The transfer plus
and minus hubs of the major counter must
be wired to the counter control plus and
minus hubs of the final counter if a final
total is needed.

4. Diagram and explain the wiring for figure
43, page 50 of the IBM 402 Manual. Prob-
lem number IX-1 might be worked.

5. Total printing from different typebars (Foil
44)

The total transfer method is used to check
the accuracy of each level of total. To print
group totals from different typebars using
the total transfer method, the exits of the
transferring counters must be wired to the
entries of the receiving counters. The type
of exit to exit wiring used when printing the
totals with the same typebars would cause
detail or total printing in three places from
any one counter. All three counter exits are
wired to print entry. The minor counter is
controlled from card cycles, and the inter-
mediate and major counters are controlled
from the transfer plus or minus hubs. The
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carry hubs are wired, and the negative bal-
ance hubs are wired in the same way as for
printing from the same typebars. Ole minor,
intermediate, and major counter tc. -il', are

impulsed from the program hubs. The inter-
mediate counter exit must be suppressed on
a minor program and the major counter exit
must be suppressed on an intermediate pro-
gram to prevent the intermediate counter
from printing minor totals when transferred
and the major counter from printing inter-
mediate totals.

6. Explain and diagram figure 45, page 53 of
the IBM 402 Manual.

7. Counter coupling (Foils 44 and 41)
Counters of various sizes may be connected
to provide for totals of ten and twelve posi-
tions. A maximum of sixteen positions may
be coupled. The carry exit of the counter
containing the units position must be wired
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to the carry entry of the coupled counter.
The Cl exit hub of the coupled counter must
be wired to the C entry hub of the unit posi-
tion counter to cause the carryback necessary
in subtraction. The negative balance test exit
of the high order (coupled) counter only is
wired to its negative balance control hub,
and the negative balance control hubs of
both counters are wired together. The
counter control plus or minus hubs and
counter total hubs of all coupled counters
must be impulsed.

B. Laboratory Problems

1. Minor total transferproblem XIX-1.

2. Minor and intermediate total transfer, same
typebars, counter couplingproblem XIX-2.

3. Total transfer using different typebars
problem XIX-3,



0 DIVISION XX: FIELD SELECTION
USING CO-SELECTORS

A. Units of Instruction

I. Meaning of field selection (Foil 42)
Field selection is the printing from either
one of two different card fields into one set
of typebars by using selectors controlled by
the presence or absence of a contrni punch
in a column.

2. Numerical field selection (Foil 44)
The card field of the cards without an X-
control punch is wired from third reading to
the normal side of the co-selector, and the
field of the X-cards is wired from third
reading to the transferred side of the same
selector. The common side of the same se-
lector is wired to the print entry hubs. The
controlling X-punch is wired from second
reading to the X-pickup of a pilot selector,
and the coupling exit of that pilot selector is
wired to the co-selector pickup hub of the
co-selector used. The co-selector will trans-
fer exactly like the pilot selector. (See divi-
sion XV) In case the field should exceed
the number of positions available in a co-
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selector, two co-selectors may be joined by
jackplugging the co-selector pickup hubs to
expand the co-selector positions.

3. Alphabetical field selection (Foil 44)
One co-selector is needed to select zones and
one co-selector is needed to select digits.
The control punch must be wired from sec-
ond reading directly to the co-selector pickup
of the zone selector. Any digit from 9
through I may be used as a control punch,
but a 0, 11, or 12 punch would not give the
selector time enough to transfer the zones.

The co-selector used for the digits must be
controlled from the coupling exit of a pilot
selector. The same digit used to select the
zones may be used to select the digits by
wiring from the other common hub of the
zone co-selector pickup to the D pickup of a
pilot selector.

For mixed alphabetic and numeric field
selection using the zone suppress hubs, see
page 63 of the IBM 402 Manual.

B. Laboratory Problem

Field selectionproblem XX-I



DIVISION XXI: CLASS SELECTION
USING COSELECTORS

A. Units of Instruction

1. Meaning of class selection (Foil 42)
Class selection is the printing of one card
field in either one of two sets of typebars
controlled by the presence or absence of a
control punch in a column.

2. Numerical class selection (Foil 44)
The card field is wired from third reading to
the common side of a co-selector. Wiring is
from the normal side of the same selector to
print entry for cards without a control punch
and from the transferred side of the selector
to another set of print entry hubs for cards
with a control punch. The selector is trans-
ferred by wiring the controlling card column
from second reading to the X-pickup of a
pilot selector and by wiring from the coupl-

ing exit of the pilot selector to the co-selector
pickup.

3. Alphabetic class selection (Foil 44)
One co-selector is needed to select zones and
one co-selector is needed to select digits. The
control punch must be wired from second
reading directly to the co-selector pickup of
the zone selector. Any digit from 9 through
1 may be used as a control punch, but a 0,
11, or 12 punch would not give the selector
time enough to transfer the zones.

The co-selector used for the digits must be
controlled from the coupling exit of a pilot
selector. The same digit used for zone selec-
tion is used for digit selection by wiring from
the other common hub of the zone co-
selector pickup to the D pickup of the pilot
selector.

B. Laboratory Problem

Class selectionproblem XXI-1
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DIVISION XXII: CROSSFOOTING

A. Units of Instruction

I. Three field crossfootings
Three fields may be crossfooted from one
card or from a group of cards. For instance,
the net amount of income may be determined
by adding regular earnings plus overtime
earnings minus deductions.

Hubs not previously introduced (Foil 44)

a. Non-Print

Printing and spacing are suppressed when
these hubs (Z, 43-44) are impulsed from
a total program exit, card cycle, or first
card impulse.

b. Card count
This hub (L, 44) emits a one-timed im-
pulse as each card passes the third read-
ing station. This hub may be wired to a
counter to count cards or to program
start to cause a program start for every
card.

3. Illustration

See figure 48, page 57 of the IBM 402
Manual.

a. Regular earnings (field A) is added from
the card in counter 8A, which totals on a
minor program and transfers to counter
8B. Overtime earnings (field B) is

added from the card to counter 8B. At
minor total time, the regular earnings
are received from 8A and added to the
overtime amount. At intermediate total
time, the combined amount in counter
8B is transferred to counter 8D. The
deductions amount (field C) is sub-
tracted in counter 8D from the card. As
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indicated above, at intermediate total
time counter 8D also receives the com-
bined earnings amount from 8B, which
is added to the previously subtracted
deductions. The final amount in 8D (net
income) is printed at major total time.

b. Detail printing from the counters is pre-
vented by wiring a card cycles impulse
to suppress the counter exits of all three
counters. .

c. Printing and spacing must be suppressed
for the minor and intermediate pro-
grams, and this is done by wiring a minor
and an intermediate program exit to the
non-print hub. (Remember that the non-
print hub suppresses both printing and
spacing when impulsed.) Only spacing
must be suppressed on a major program,
so the major program exit is wired to
space control hub S (AA, 41).

d. All three programs must be taken for
each card. If the card count hub is
wired to major pre: , n start as indi-
cated in 2B, minor and intermediate pro-
gram cycles will be forced.

e. The first card through the machine must
be preceded by a blank card. The card
count hub emits a "1" impulse only at
third reading; therefore, the first card
through the machine will not print unless
it is preceded by a blank card. The blank
card breaks control when it passes third
reading and causes totals in the counters
to clear. A print cycle is provided for
the first punched card.

B. Laboratory Problem

CrossfootingProblem XXII-1



DIVISION XXIII: SUMMARY
PUNCHING

A. Units of Instruction

1. Meaning of summary punching
A total card containing group identification
and a total is automatically prepared from a
group of detail cards. Summary punching
enables a business to decrease the volume of
cards and to increase the speed in preparing
reports by using fewer cards. Summary
punching combines accumulating on the ac-
counting machine with punching on the re-
producer or summary punch. The summary
punch cable must be connected to the ac-
counting machine to cause counter exit im-
pulses to be available on the reproducer or
summary punch panel. Only information en-
tered in the counters may be summary
punched.

2. Opeiation of 402 and 514 for summary
punching

a. Counter impulses (514 panel diagram
foil from Part I)
Impulses caused by the 402 are avail-
able on the 514 panel at the sections
marked Comparing Magnets or Counter
Total Exit. Each counter is marked with
the same group number as is used on the
402. These impulses are connected to the
punch magnets.

b. Summary punch switch (Foil 44)
Hubs AA, 49 and 50 must be connected
on the 402. These hubs may be con-
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nected through a pilot selector picked
up by a setup change switch if the same
panel is to be used for different opera-
tions. The summary punch is used to
synchronize the operation of both ma-
chines.

c. Summary punch control (Foil 44)
Summary punching may take place on
any program change. The desired pro-
gram exit (minor, intermediate, of ma-
jor) is wired to the pickup hub (X, 49)
on the 402. Summary punching will take
place just before the total prints. The
Transfer and Summary Punch X Control
Plus and Minus hubs (S-V, 51-66) on
the 402 emit an impulse when the counter
is impulsed to total. This impulse when
wired to one of the twelve summary
punch entry hubs (R-W, 49-50) on the
402 will be available on the 514 at the
corresponding column split and may be
wired to a punch magnet to punch an X
in credit (if wired from S.P.X. Minus)
or debit (if wired from S.P.X. Plus)
cards.

3. Diagram and explain the wiring for net bal-
ance summary punching, figure 73, page 79
of the IBM 402 Manual.

4. Summary punching more than one level of
total is found on page 85 of the IBM 402
Manual.

B. Laboratory Problem

Summary punchingproblem XXIII-1



DIVISION XXIV: CARRIAGE CONTROL
TAPE

A. Units of Instruction

1. General

The carriage is controlled by paper tape
punched with holes to stop the form on pre-
determined lines. The carriage will hold a
form size up to 22 inches long and 191/2
inches wide. These forms are usually con-
tinuous forms, but single-sheet forms may be
used.

2. Control tape (Show tape)
The control tape has twelve columnar posi-
tions called channels and the tape may be
up to 132 lines long depending on the

length of the form. The tape must be cut to
the length of the form or in multiples of the
form length. The punched tape ends are
glued together to form a loop, wt.ich is

placed on a pin-feed device inside the tape
control unit. The tape advances in synchro-
nism with the form movement.

a. Tape channels (Foils 20 and 21)
These channels or columnar positions
perform the following functions:

First printing line stop is controlled by
a punch in channel one. A control
panel hub, when impulsed, starts the
form skipping and the tape punch
stops the form on the correct line cor-
responding to that punch.

Channel 2 is used for the first body
line stop if heading cards are used;
otherwise, it is used as a normal stop.
(See page XIV-3 for head control)

Channels 3 through 1I are used as
normal stops. Channels 3 through 8
are standard features; 9 through II
are optional features.

Channel 12 is always used for over-
flow start. All of the other channels
stop skipping, but channel 12 is al-
ways used to start skipping for page
overflow. If this tape punch is sensed
while printing, the form will advance
to the first printing line (channel 1)
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or body line (channel 2) of the next
form depending on additional wiring.
The overflow hub on the panel (L,
46) may be wired to nonindicate (L,
45) if no identifying information is

needed or to indicate (L, 47) if iden-
tifying information is needed. If an
invoice is being printed and the num-
ber of items to be printed exceeds the
number of items that could be printed
on one page, a second page must be
used. Printing could begin on the first
item line of the second page; but if the
two pages were to become separated,
the second page would be difficult to
identify. An identifying number could
be printed from counters on the form
to relate back to the first page. The
customer number could be used. Refer
to the IBM 402 Manual, page 107,

for the wiring of overflow to indicate.

b. Interlock release

The feeding of cards is normally stopped
while the form is skipping; therefore,
causing one card cycle to be lost for each
skip. This is called interlocking, and its
purpose is to prevent printing during the

skip for spaces longer than 31/2 inches
(71/2 for Series 50 machines). When the
distance to be skipped is less than 32/3
inches, the interlock may be released.
Obviously, distances frequently skipped
should be kept within 32/3 inches if pos-
sible in order to speed up the operation.

3. Operating features

For a general description of all operating
features of the carriage control, consult the
IBM 402 Manual, page 97.

4. Short form skipping (Foil 44)

A short form is 32/3 inches or less in length.
Channel 1 is punched to correspond to the
first print line on each form. Skipping can
be started by a comparing exit or X or digit
impulse wired from second read to the Skip
to D hub for channel I (M, 45). Skipping
will stop when a punch in channel I is read
by the tape reading brushes. If the Interlock
Suppress hubs (K, 45-46) are connected, a
card cycle will not be lost during skipping.



Skipping also may be started by a first card
minor wired to channel 1 skip to I. An ex-
ample of short form skipping might be name
and address labels (problem XIV-1)

5. Single heading forms (Foils 43 and 44)

a. Head control
Heading cards are identified by a digit or
X punch. The card column containing
this significant punch is wired from sec-
ond reading to Head X or D (digit) Con-
trol (I-J, 45-46). This wiring causes the
heading cards to print, programming to
suspend during heading card printing,
eleven card cycles to be inoperative, and
an automatic skip between the last card
heading and the first line of the body of
the form.

b. First print line (Foil 44)
It is necessary to start each new form at
its proper place which is generally the
first line of the heading, which would
have been punched in the carriage tape
as channel 1. Skipping to this first print
line is generally accomplished by wiring
a first card impulse to skip to I (for
channel 1 ). When a comparing exit is

wired to program start, the first card hub
becomes active when the first card of the
nexi group passes third reading. The first
card impulse is wired to Skip to I (M,
46) for channel 1. Skipping will start
when this impulse occurs and will stop
when the channel i punch is sensed in
the tape.

c. Overflow (Foil 44)
Overflow (L, 46) is wired to nonindicate
(L, 45) if no identifying information is
needed or to indicate (L, 47) if identify-
ing information, such as customer num-
ber, is needed at the top of the form.

d. Interlock release (Foil 44)
If all distances to be skipped are 32 /s
inches or less, interlock suppress may be
wired. If some distances are greater than
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32/3 inches in length, the tape exit may
be wired to interlock release for the short
distances. The tape exit for channel 1 is

wired to interlock release for channel 2
to release the interlock for that skip.

e. Additional stops (Foil 44)
Total lines may be predetermined by
punching the desired total line of the tape
in any normal stop channel. When a total
program exit impulse is wired to Skip to
I hub of the desired channel, skipping
will take place prior to the printing of
the total so that the form is at the pre-
determined line at the time the counters
read out. Skipping from the body line to a
predetermined total line, which might be
indicated in the tape by a 5 punch, (if
the skip is less than 32/3 inches) is ac-
complished by wiring the tape exit
(channel 2) to the interlock release
(channel 5).

6. Diagram and explain the wiring necessary to
print figure 93, page 103 of the IBM 402
Manual.

7. Multiple heading groupsoverflow sheet
identification. Wiring for skipping to be used
in a multiple heading group in itself is not
difficult. The same theory is always true for
overflow sheet identification. Both of these
explanations would need to be illustrated so
reference is made to page 107 of the IBM
402 Manual. It should be stated at this
point that the carriage control for multiple
heading groups is probably much easier than
the other wiring necessary to print this kind
of form. Any problem designed to illustrate
skipping for multiple heading groups and for
overflow sheet identification should be kept
extremely simple until the students become
fully aware of all the complications arising
from printing forms such as invoices from
many different card formats.

B. Laboratory Problem

Short Form Skippingproblem XXIV -1
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PART III

ELECTRONIC DATA PROCESSING

The section on computer data processing allows the
teacher to choose between COBOL and RPG pro-
gramming. The teaching sequence will be the same
with the exception of Divisions XXX through XXXIII.
Divisions XXX and XXXI should be used for COBOL
while XXXII and XXXIII should be used for RPG
programming. Because of variations in COBOL and
RPG, it will be necessary to use the manufacturer's
reference manual.

The teaching outline will designate the practice
problems in Division XXXVI which should be assigned
to give the student practice using the programming
principles which have been taught in the classroom. In
addition, it will be necessary to be sure that the students
understand the accounting principles which the practice
problems illustrate.

Practice Problems 1 and 2 are general programs to
permit the student to become familiar with the lan-
guage and the computer. These programs do not re-
quire any special accounting principles. The following
accounting principles must be understood by the stu-
dents befoie starting on Practice Problems 3 through 8.

Problem 3Sales Journal
1. What is a sale?
2. What is a sales journal?
3. How is the sales journal used in the accounting

system?

Problem 4Purchases Journal
1. What is a purchase?
2. What is a purchases journal?
3. How is a purchases journal used in the ac-

counting system?

Problem 5Inventory Summary
I. What is an inventory?

2. How is an inventory report used?
3. How are beginning, sales, purchases, and end-

ing quantities and dollar values calculated?

Problem 6Sales Analysis
I. How is a sales analysis report used?
2. What is the relationship between the sales

journal and sales analysis?
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Problem 7Accounts Receivable
I. What is an accounts receivable?
2. How do sales and payments affect the balance

of the customer's account?

Problem 8Payroll
1. How do you calculate regular and overtime

pay?

2. How do you calculate FICA, federal with-
holding, and state withholding taxes?

3. What is a time card?

Teaching Outline for COBOL Programming

I. Introduction to COBOL (4 hours)

For detailed narrative see Divisions XXX and XXXI.

A. Description (XXX-A)

B. Divisions of COBOL (XXX-B)

1. IDENTIFICATION DIVISION
2. ENVIRONMENT DIVISION
3. DATA DIVISION
4. PROCEDURE DIVISION

C. Coding Format (XXX-C)

1. Fields in coding sheet
a. Line numbers
b. Continuation
c. COBOL statement
d. Identification

2. Coding of COBOL statements
a. Division names
b. Section names
c. Paragraph names
d. Use of period

3. Reserve words

4. User words
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II. COBOL Programming (180 hours) b.

A. Identification Division (XXXI-A)

1. PROGRAM-ID

Level rn, )ers

(1) 77
(2) 01
(3) 02 through 49

2. AUTHOR (4) Data names

3. INSTALLATION
(5) Filler
(6) Picture clause

4. DATE-WRITTEN (a) Alphabetic
5. DATE-COMPILED (b) Numeric
6. SECURITY (c) Alphanumeric

7. REMARKS (7) Value clause

B. Environment Division (XXXI-B)

1. CONFIGURATION SECTION
a. SOURCE-COMPUTER
b. OBJECT-COMPUTER

2. INPUT-OUTPUT SECTION
a. SELECT clause
b. ASSIGN clause

C. Data Division (XXXI-C)

1. FILE SECTION(FD)
a. RECORDING MODE IS

(1) Fixed length records
(2) Variable length

b. LABEL RECORDS
(1) OMITTED
(2) STANDARD

c. RECORD CONTAINS
d. BLOCK CONTAINS

(1) What is block
(2) Blocking factor

e. DATA RECORD IS/ARE
f. RECORD DESCRIPTION

(1) Record name
(2) Level numbers

(a) 01
(b) 02 through 49

(3) Data names
(4) Filler
(5) Elementary items
(6) Picture clause

(a) Alphabetic
(b) Numeric
(c) Alphanumeric

2. Working-Storage Section

a. Function
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D. Procedure Division (XXXI-D)

1. Relationship to flowchart

2. Paragraph names

3. Statements

4. Function of verbs

5. Input/Output verbs

a. OPEN
(1) Input
(2) Output
(3) Function
(4) Relationship to FD

b. READ
(1) Function
(2) Relationship to FD
(3) AT END clause

c. WRITE
(1) Function
(2) Relationship to FD
(3) ADVANCING clause

d. CLOSE
(1) Function
(2) Relationship to FD

e. MOVE
(1) Function
(2) Format
(3) Literal
(4) Figurative constants

f. STOP

(1) Function
(2) RUN
GO TO
(1) Function
(2) Paragraph name

g.

GG



E. Practice Problem I

1. Review procedures in programming
(Division XXXIII).
Flowchart and code problem as class project.

3. Have students keypunch, code, compile and
test problem.

4. After the completion of the program the
student should be able to:
a. understand the procedure used ft-, write

a program, flowdiart, code, compile, and
test, etc.

b. understand the purpose of the divisions
of COBOL.

c. code the IDENTIFICATION, ENVI-
RONMENT, and FILE SECTION of
the DATA DIVISION.

d. use the following verbs: OPEN, READ,
WRTE, CLOSE, MOVE, STOP, and
GO TO.

F. Add (XXXI-D)

I. Function
2. Format
3. GIVING option

G. If (XXXI-D)

I. Function
2. Format

a. Condition
( I ) A EQUAL TO B
(2) A IS LESS THAN B
(3) A IS GREATER THAN B
(4) A IS NOT LESS THAN B
(5) A IS NOT GREATER THAN B
(6) A IS POSITIVE
(7) A IS NEGATIVE
(8) A IS ZERO

b. Imperative statements
c. ELSE/OTHERWISE

H. Perform (XXXI-D)

1. Function
2. Format

a. One paragraph
b. THRU option
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c. TIMES option
d. UNTIL option

I. Practice Problem 2

I. Explain the use of a line counter, test the
number of lines on the page and explain how
to advance to the top of the page.

2. Have students complete Practice Problem 2.
3. After the completion of the problem the

student should be able to:
a. use a line counter to control the printing

of headings.
b. use the following verbs: ADD, IF, and

PERFORM.

J. Review verbs and have students complete Prac-
tice Problem 3.

K. If time allows students can also complete Prac-
tice Problem 4.

L. Subtract (XXXI-D)

I. Function
2. Format
3. GIVING option

M. Multiply (XXXI-D)

I. Function
2. Format
3. GIVING option

N. Divide (XXXI-D)

1. Function
2. Format
3. GIVING option

0. Review COBOL language and LOGIC for Prac-
ace Problems 5 through 8.

I. After the completion of these problems the
student should be able to:
a. code simple card input and printer out-

put using a main program and sub-
routines.

b. use the following verbs: SUBTRACT,
MULTIPLY, and DIVIDE.



Teaching Outline for RPG Programming

I. Introduction to RPG (4 hours)
For detailed narrative see Divisions XXXII

A. Description (XXXII -A)

B. Coding Format (XXXII -A)

I. Page number
2. Line number
3. Form type
4. RPG statement
5. Program identification

C. RPG Specifications (XXXII -C)

1. RPG CONTROL CARD
2. FILE DESCRIPTION
3. FILE EXTENSION
4. LINE COUNTER
5 INPUT
6. CALCULATION
7. OUTPUT-FORMAT

II. RPG Programming (180 hours)
For detailed narrative see Division XXXIII

A. Introduction (XXXIII-A)

B. RPG Control Card (XXXIII -B)

C. File Description Specification (XXXIII -B)

I. Form Type-F
2. Filename

3. File Type
a. Input-I
b. Output-0
c. Update-U
d. Combined-C

4 File Designation
a. Primary-P
b. Secondary-S

5. End of File
a. Last record indicator-E
b. No last record indicator-blank

6. Sequence
a. Ascending-A or blank
b. Descending-D
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7. File Format
a. Fixed-F
b. Variable-V

8. Block length
9. Record length

10. Overflow indicator

I I . Extension Code

12. Device

13. Symtolic device

D. Extension Specifications Form (XXXII-D)

E. Line Counter Specification Form (XXXIII-E)

1. Form Type-L
2. Filename

3. Line Number and FL or Channel Number

F. Input Specification (XXXIII-F)

1. Form Type-I
2. Filename
3. Sequence

a. Sequence within control group.
b. No sequence within control group.

4. Number
a. Only one record-1
b. One or more records-N

5. Option
a. Record required-blank
b. Record optional-0

6. Record Identification Indicator
7. Record Identification Codes

a. Position
b. Not
c. C/Z/D

(1) Character-C
(2) Zone-Z
(3) Digit - -D

8. Field Location
a. From
b. To

9. Decimal Positions
a. Numeric
b. Alphabetic

10. Field Name

11. Control Level
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G. Output-Format Specifications (XXXIII-H)

1 Form Type-0
2. Filename

3. Type
a. Heading-H
b. Detail-D
c. Total-T

4. Space Before

5. Space After
6. Skip Before
7. Skip After
8. Output Indicator

a. AND relationship
b. OR relationship
c. Overflow indicator-OF
d. First page indicator-IP
c. Control level indicators
f. Last record indicators

9. Field name
10. Edit Codes
1 1. Blank After
12. End Position
13. Constant or Edit Words

a.
b.

Literals
Edit words
(1) Blank
(2) Zero
(3) Ampersand
(4) Asterisk
(5) Dollar Sign
(6) Credit Symbol

H. Practice Problem 1

1. Review procedure in programming
DIVISION XXV II.

2. Code problem as a class project.
3. After the completion of the program the stu-

dents should be able to:
a. understand the procedure used to code,

compile, and a test program.
b. understand the purpose of t:::: specifica-

tion sheets for RPG.
c. code the control card, file description,

line counter and output specification
sheets.

I. Practice Problem 2

1. Review line counter specifications.
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2. Review the uses of constants to set up head-
ings.

3. Have students complete Practice Problem 2.

J. Calculation Specifications (XXXIII-G)

1.

'7.

Form Type-C
Conn.:;' level
a. Li tirough L9
b. LR
c. LO

3. Indicators
a. On
b. Not on

4. Factor 1
5. Operation

6. Factor 2
7. Result Field
8. Field Length
9. Decimal Positions

10. Half Adjust

1 i. Resulting Indicators
12. Operations (These operations should be pre-

sented as needed)
a.
b.
c.

d.

e.
f.

g.

h.

i.

J.

k.
I.

In.

ADD (add)
Z-ADD (zero and add)
SUB (subtract)
Z--SUB (zero and subtract)
MULT (multiply)
DR/ (diviae)
MVR (move remainder)
MOVE (move)
TAG (providing a label for GOTO)
GOTO (branching)
SETON (set indicators on)
SETOF (set indicators off)
COMP (compare)

K. Practice Problems 3 and 4

1. Have students complete Practice Problem 3.
2. If time allows have students complete Prac-

tice Problem 4.
3. After the completion of these programs the

student should be able to:
a. cock the calculation specification sheet.
b. code simple card input and printer out-

put.

L. Review RPG language and have students com-
plete Practice Problems 5 through 8.



DIVISION XXV: ELEMENTS OF A
COMPUTER SYSTEM (5 hours)

A. General Information (Foil 46)

The four elements which compose any data
processing system (input, processing, output,
and storage) must also be present in a com-
puter system. The central processing unit (CPU)
processes the data. The data are entered into the
CPU by some type of input device; it is proc-
essed; and then the results of the processing are
recorded through some output device. I'm: in-
put service reads data which has been stored
externally (i.e., tape, disc, cards, etc.). The data
must then be stored internally within the CPU
while it is being processed. The processed data
will then be stored externally by means of the
output device (on tape, disc, cards, printer, etc.).

B. Central Processing Unit

1. Memory (Internal storage)
Memory in the CPU stores both the data and
the instructions by means of electrical im-
pulses. The size of memory (1, termines how
much data and how many in .tinions can be
stored in the computer at one time.

Arithmetic Unit
The arithmetic unit performs the mathemati-
cal calculations in the program (addition,
subtraction, etc.).

3. Logic

The logi: unit tests relationsh ;.. between data
stored in memory. This allows the computer
to determine if one amount is greater than
another, or if a number is positive, negative
or zero. Other tests can be made in addition
to the ones described above.

4. Control
The control unit is the "heart" of the CPU.
It determines which instructions are executed
and in what order.

C. Input/Output Devices

The computer system can nave a number of
different possible input devices. No matter what
device is used, the basic purpose of the input
device is to supply data to the CPU for process-

ing. The output device is just the reverse of the
input device. The output device "takes" data
from the central processing unit. Often one de-
vice can be used as both input and output. When
data is coming from the device to the central
processing unit, it is input; and when the data
comes from the CPU to the device, it is output.

1. Card Reader (Input)
The card reader is used to read the data
punched in cards.

2. Card Punch (Output)
The card punch is used to punch data into
cards. Sometimes the reader and the punch
are combined into the same physical unit.

3. Printer (Output)
The printer is used to provide a "hard copy"
report of the data which was processed.

4. Console (Input/Output)
The console typewriter is used by the com-
puter operator. This is often the means by
which the operator communicates with the
program and the program communicates
with the operator.

5. Magnetic Tape (Input/Output)
Magnetic tape units are another form of ex-
ternal storage. The unit can he used as input
or output. Data are recorded on the tape in
the form of magnetic impulses. Normally
data must be recorded in a sequence (ex-
ample: by customer number).

6. Magnetic Disk (Input/Output)
The magnetic disk, like the magnetic tape
unit, also records data by magnetic impulses
and can be used for input and output. The
disks are similar to records on a modern
record player; however, instead of grooves,
the disk is covered with a magnetic film
similar to the film which is used on magnet;.,
tape. The disk unit has an arm which reads
and writes on the disk. Unlike the magnetic
tape unit which records data in sequence,
the disk unit can be used without data being
arranged in a sequence. This procedure is
known as a random access.

7. Punched Paper Tape (Input/Output)
Another fort.. of input and output to the
computer which is serial (or must be in
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sequence) is the paper tape reader and paper
tape punch. Like the card, data are recorded
in the paper tape by punched holes. How-
ever, the coding pattern is not the same for
paper tape as it is for the punched card.

8. Other

In addition to the devices listed above, there
are many other devices which can be used
as input and/or output to the CPU. Which
devices are used will, of course, depend upon
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the nature of the job and the machine. There
is an almost unlimited number and models
of devices which can be used. This availa-
bility allows for a great deal of flexibility but
also means a sound judgment must be made
as to what device to select. In addition, these
devices can he used as terminals to the CPU.
With a large computer, a number of termi-
nals might be connected to the CPU, each
in a different location and each sharing the
time of the central processing unit

1.'4
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DIVISION XXVI: CENTRAL
PROCESSOR ORGANIZATION (5 hours)

A. Numbering Systems (Foil 47)

Before it is possible to understand how the com-
puter represents data in memory it is necessary
to review the concept of a numbering system.
Each numbering system has a base. The base
determines the number of characters in the sys-
tem. The highest number in any numbering sys-
tem is on? less than the base. For example, the
highest number in a decimal system is 9; in an
octal system is 8; etc. When the highest number
in the system is reached, the series starts over
and indicates that it has been through the series
by a carry to the next position.

1. Decimal
The decimal numbering system has a base of
ten and, therefore, has ten characters in the
system (0, 1, 2, 3, 4, 5, 6, 7, 8, and 9).

2. Binary

The binary system has a base of two, and has
only two characters (0 and I ). The highest
character for the binary system is the 1.

When the series reaches the highest number,
the series starts over with a carry to the next
position.

3. Octal
The octal numbering system has a base of
eight, and there are eight characters (0, 1,
2, 3, 4, 5, 6, lad 7).

4. Hexadecimal system has a base of sixteen:
(0, I, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F).
The six characters A through F are used as
numbers in the system in addition to the
customary digits 0 through 9. It should be
noted that when the characters A through F
are used in a hexadecimal system, they are
used as number and not as letters. They have
all of the same characteristics as the num-
bers 0 through 9.

5. Comparison of numbering systems

Decimal Binary Octal Hexadecimal

0 0 0 0

I I 1 1

2 10 2 2

3 11 3 3

Decimal

4

Binary

100

Octal

4

Hexadecimal

4

5 101 5 5

6 110 6 6

7 111 7 7

8 1000 10 8

9 1001 I I 9
10 1010 12 A
11 1011 13 B

12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10

17 10001 21 11

18 10010 22 12

19 10011 23 13

20 10100 24 14

B. Representation of data in memory (Foil 48, 49)

Data is represented in memory in terms of some
binary form. The binary form is used because
there are only two characters in a binary system
and there are only two states in a computer
on or off. Most computers record these binary
numbers by means of magnetic core of ferrite
rings. The core ring can be magnetized in either
a clockwise or a counterclockwise direction. A
binary character can then be recorded by having
the clockwise direction represent a binary value
of I and the counterclockwise direction repre-
sent a binary value of 0. Each core ring is
known as a bit (binary digit).

A group of bits which operate as one unit are
known as a byte. The computer generally groups
bits by six or by eight in order to. record letters
and numbers. One method of data representa-
tion uses six bits in each byte to represent data
plus a parity bit. The parity bit is used by the
machine to determine if data within the com-
puter is valid. Each of the six bits are used to
represent one character. Each decimal position
is coded in binary. This format is known as
BCD (Binary Coded Decimal). The six bits
are divided into four numeric bits (8, 4, 2, I ),

and two zone bits (B,A), which are used with
the numeric bit to code alphabetic characters.
Octal representation is basically the same as
BCD representation (using six bits) except that
coding is based on an octal representation ac-
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cordingly. The bits are 1, 2, 4, 10, 20, and 40
instead of the BCD bits which are called 1, 2,
4, 8, A, and B.

The hexadecimal system uses eight bits plus
the parity to form a "byte" (a unit capable of
representing a number, letter, character, etc.).
This arrangement allows for the representation
of a possible 256 characters instead of the 64
characters for BCD. These extra character pos-
sibilities are important in that they allow for
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more special characters, machine codes, and
lower as well as upper case alphabetic characters.
With only 65 possibilities under BCD, the com-
puter is considerably more limited in data repre-
sentation. In addition, hexadecimal permits the
"packing" of numeric data. "Packing" is the
placing of two numeric characters in one byte.
It allows almost twice the number of numeric
characters to be represented in the same memory
locations than BCD.



DIVISION XXVII: STORED PROGRAM
(3 hours)

A. Definition

A program is nothing more than a list of instruc-
tions. In order for the computer to do any job
it must be instructed step by step. Without a
program the computer can do nothing. It is the
job of the programmer to write the step-by-step
instructions. This program must be stored in the
memory of the computer.

B. Types of Programming Languages

1. Machine

The machine language is the language which
the machine can understand. The machine
language is not the same for every computer.
Each manufacturer has his own machine lan-
guage, and often the language is different
for various types of computers built by the
same manufacturer. The machine language is
usually numeric. For example, the instruc-
tion ADD may be represented binarily as
010011 under BCD or 00100011 under
hexadecimal.

Assembly

Originally all programming was done in the
machine language of the computer. Con-
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verting all instructions to a numeric form
was a long, tedious job. Soon an assembly
language developed, which allowed the pro-
grammer to write a program using alphabetic
and numeric characters. It allowed the pro-
grammer to write a program without having
to convert his instructions to the numeric
machine language. A program called a lan-
guage processor, or assembly program, was
written by the computer manufacturer to con-
vert the assembly language (source language)
to the machine language (object language).

3. Compiler

With an assembly language the programmer
had to write one instruction for each machine
instruction. Compiler languages were devel-
oped which allowed the programmer to write
one statement which would result in a num-
ber of machine instructions. In addition, each
assembly language was different for each
type of computer. With the more sophisti-
cated compiler language, a common pro-
gramming language was developed, which
meant the programmer could change from
one type of computer to another without
having to learn an entirely different language.
The compiler language processor, like the
assembly language processor, converted the
source language into the machine language
(object language).

h'sd



DIVISION XXVIII: PROCEDURES IN
PROGRAMMING (4 hours)

There is a series of steps which the programmer
must follow in order to write a program. It is im-
portant that the programmer precisely follows each
of these steps. The beginning programmer often has
the tendency to skip some of those procedures and
thus creates problems which are more difficult to
solve than they would have been if a careful exami-
nation of each step had been completed.

A.

B.

Define the Problem (Foil 50)

The first step in writing a program is to define
the problem.

I. Input/Output
The programmer must determine what type
of input and output device will be used. It
will also be necessary to know the format of
the input and output records used. For ex-
ample if cards are used, the programmer
should know where each field is located in
the card, what kind of fields they are and
what codes are used, if any. If the printer
is to be used, the programmer must deter-
mine what data is to be printed, and where
it will be printed.

2. Scope of the Problem

The programmer must also determine the
general scope of the problem. He must de-
cide what general procedures are necessary
to satisfy the needs of the job.

Flowcharting (see Division VII)

Once the programmer has defined the problem,
he should make a flowchart of the general logic,
or steps, that must be taken to do the job. From
his general flowchart a detailed flowchart is pre-
pared. This detailed flowchart will show each
step in the program and the order in which it
occurs in the logical steps of solving the prob-
lem.

C. Code Source Program (see Divisions VIII-IX)

From the detailed flowchart the next step is to
code the source program. With the help of the
flowchart the programmer writes the step-by-
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step procedures which the computer must fol-
low. Since the actual machine language is not
practical to use, some type of symbolic lan-
guage (assembly or compiler) is normally used

D. Keypunch Source Deck

The source program, which the programmer has
coded, is punched into cards. After the pro-
gram has been punched in the cards, the pro-
grammer should desk-check the cards to be cer-
tain that there were no keypunch or coding
errors.

E. Assemble or Compile

Since the machine cannot understand the source
program, the source program must be converted
into the machine language of the computer (ob-
ject language). This conversion process is known
as assembly or compilation. This step is done
on the computer by a special program, or series
of programs written for this purpose. The as-
sembler or compiler programs are written and
supplied in most cases by the manufacturer of
the computer.

F. Debug Language Errors

If the programmer has violated any of the rules
of the language, the program will not "convert"
and the errors must be corrected before the
programmer can proceed further.

G. Test

If there arc no language errors, the program is
tested to determine if the logic, or the order of
instructions of the program, is correct. The test
should try to include all possible conditions that
might occur under the normal use of the pro-
gram.

H. Debug Logic Errors

After the test has been completed, the program-
mer must correct the errors in his logic. It is
very important that the programmer desk-check
his program thoroughly. He should check for
other errors in his program in addition to obvi-
ous logic errors. Once the errors are corrected,
new cards are punched, the program is compiled



again and tested. This process continues until
the program is correct in all respects.

1. Documentation

Documentation is an important part of the pro-
gramming procedure. Once the program is cor-
rect, the program should be carefully docu-
mented so that others who use the program can
follow the logic of the program. The program
must be updated to reflect changes in the needs
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of the user. Without proper documentation,
changes to a program can be a major problem.
Documentation should include the latest source
listing of the program (a computer list of the
original instructions), a flowchart of the logic,
input and output formats, a description of the
techniques used, a sample of the output of the
program, and any other materials which may
help to define and explain the purpose of the
program,

1,.I.1 11.
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DIVISION XXIX: FLOWCHARTING
(10 hours)

A.

B.

Definition

A flowchart is a graphic representation of the
analysis or solution to a problem. A flowchart
is used to plan the logical steps in the solution
of a problem. It also is used to document a
solution to a problem so that others can better
understand the steps taken.

Types of Flowcharts (for examples see Division
XI)

1. Systems

A systems flowchart is used to show the flow
of data and the operations needed to process
the data. The systems flowchart shows where
the data originates, what processing is nec-
essary, and in what sequence the steps occur.

2. Program

Program flowcharts are used to describe the
sequence of steps in the processing of data in
one particular program. The flowchart is

used to develop the logic of the program,
and to document the finished program.

The programmer often develops a general
flowchart that shows the overall plan for the
program. Once the overall general flowchart
is completed, detailed flowcharts are devel-
oped to support the general flowchart. The
program will thus have a mainline routine
which is linked to the various sub-routines.
This allows the programmer to concentrate
on one particular part of the program at a
time. It also makes the flowchart easier to
follow and easier to correct.

C. Flowcharting Symbols

There are standardized symbols for program
flowcharting. The following are suggested as
necessary for program flowcharting. The Ameri-
can Standard Flowchart Symbols should be used.

SYMBOLS RELATED TO PROGRAMMING

Any processing function;
defined operation(s)
causing change in value,
form, or location of
information.

Process
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Input
Output

0

(
/

Terminal
Interrupt

Preparation

Predefined
Process

General I/O function;
information available for
processing (input), or
recording of processed
information (output).

A decision of switching-
type operation that
determines which of a
number of alternative paths
followed.

CONNECTOR: Exit to, or
entry from, another part of
the flowchart.

A terminal point in a flow-
chartstart, stop, halt,
delay, or interrupt; may
show exit from a closed
subroutine.

Instruction modification to
change programset a
switch, modify an index
register, initialize a routine.

One or more named
operations or program steps
specified in a subroutine or
another set of flowcharts.

SYMBOLS RELATED TO SYSTEMS/ Punched
Card

Input /Output function in
card medium (all
varieties).

Printed reports, i.e.,
invoices, sales journal, etc.

Arrangement of a set of
items into sequence.

h' e i
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( \
Display

/

Combining two or more
sets of items into one set.

Removal of one or more
specific sets of items from
a set.

Information display by
online indicators, video
devices, console, printers,
plotters, etc.
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Manual
Input

Manual
OperationOperation

Information input by online
keyboards, switch settings,
push-buttons.

Any offline process (at
human speed) without
mechanical aid.

AUXILIARY OPERA-
TION: Offline performance
on equipment not under
direct control of central
processing unit.



DIVISION XXX: INTRODUCTION TO
A COBOL PROGRAM (3 hours)

A. Description

COBOL (Common Business Oriented Lan-
guage) is a compiler language that was devel-
oped under the auspices of the Department of
Defense. The language was developed with the
cooperation of a number of manufacturers and
users. COBOL was designed to be as close to
English as possible and to allow for a language
which could be used on more than one machine.

B. Divisions of COBOL

A COBOL program has four divisions. the iden-
tification, the environment, the data, and the
procedure divisions. One or more COBOL state-
ments make up a paragraph. One or more para-
graphs make up a section, and one or more
sections make a division.

C. Coding Format

The coding sheet for a COBOL, program is di-
vided into four parts: 1 ) Card columns 1 to 6
arc used for line numbering. Each line of coding
on the coding sheet is punched into one card. The
line number is used to put the cards in sequence.
2) Column 7 is the continuation column. It is
used to continue literals that are too long to go
on one line of coding (literals will be discussed
later in the course). 3) Columns 8 through 72
are used for the COBOL statement. It is here
that the programmer writes his instructions, sets
up his data, and describes any other information
used in the program. Certain COBOL state-
ments must start in column 8, others must start
in column 12 or after column 12. For ease of
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reading and keypunching, lines generally start in
columns 8, 12, or 16. 4) Columns 73 through
80 are not used by COBOL. They allow the
programmer to put some type of identification
in each card of the COBOL source deck. The
programmer might punch his program number
or anything that he wants to put in those col-
umns, or he could leave them blank.

Division, section, and paragraph names must
start in column 8. Other statements must start
after column 11. Each COBOL statement must
end with a penod and a space following the
period. The period tells COBOL that this is the
end of the statement. Although more than one
statement can be put on a card, it is easier to
correct the program if each statement is begun
on a new card.

There are two kinds of words used in the
COBOL languagereserved words and user
words. COBOL reserved words are words that
have a special meaning to the COBOL compiler.
User words are those which the programmer
makes up when he writes his program. A space
following a word ends the word, so any name
which the programer makes up must not have
spaces in the name itself. To avoid this problem,
hyphens are used to join the words together that
are to be used as a single name. Ex.: Head-line
(one word): Head Line (two words).

Scme parts of a COBOL program are re-
quired; they cannot be omitted. For example,
IDENTIFICATION, ENVIRONMENT, DATA
and PROCEDURE divisions are required in

every COBOL program.
Although COBOL is a common language to

machines, it is not possible in this outline to list
the different coding for all machines. The pro-
grammer must learn to use the reference manual
for his own particular type of computer.



DIVISION XXXI: COBOL
PROGRAMMING (140 hours)

A. IDENTIFICATION DIVISION

The IDENTIFICATION DIVISION is the first
division of a COBOL program. All division
names must start in column 8 of the coding
sheet. Thus the first card of the COBOL program
will be a card with IDENTIFICATION DIVI-
SION punched in the card beginning in card
column 8. This card signals the beginning of the
IDENTIFICATION DIVISION. The IDENTI-
FICATION DIVISION serves to give the pro-
gram a name, show who is the author, tell
when it was written, and give other data about
the program. The IDENTIFICATION DIVI-
SION card is followed by the PROGRAM-ID
statement which must start in column 8. Fol-
lowing the word PROGRAM-ID, the program-
mer supplies the program with a name. The
rules for names which can be used must be
governed by the compiler that is being used.
IDENTIFICATION DIVISION and PRO-
GRAM-ID are required in every COBOL pro-
gram. In addition to these required lines, the
programmer can include any of the following,
all of which must start in column 8 and be termi-
nated by a period.

IDENTIFICATION DIVISION.
PROGRAM-ID (program space)
AUTHOR. (programmer's name)
INSTALLATION. (entry)
DATE - WRITTEN. ( entry )
DATE - COMPILED. ( entry )
SECURITY, (entry)
REMARKS. (entry)

B. ENVIRONMENT DIVISION

The ENVIRONMENT DIV!SION is the next
division in a COBOL program and is a required
entry. This division has two main sections, the
CONFIGURATION SECTION and the INPUT-
OUTPUT SECTION. This division is machine
dependent, and the entries that are ma(;.:. will
depend upon the computer used and the equip-
ment available. The CONFIGURATION SEC-
TION indicates what is to be the SOURCE-
COMPUTER, the computer used to compile the
program, and what is to be the OBJECT-
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COMPUTER, the computer us; -I to run the
program.

The INPUT-OUTPUT SECTION indicates
which devices will be used in the program. Each
input and output file must be given a name se-
lected by means of a SELECT statement, and
assigned to a device by use of the ASSIGN
clause. The programmer should consult the ref-
erence manual for the machine which he is

using to determine the proper entries for this
division.

C. DATA DIVISION

The DATA DIVISION is the part of the COBOL
program where the programmer sets up the fields
that are to be stored in memory. Every field
that is to be used in the program must be set up
in the DATA DIVISION.

There are three sections to the DATA DIVI-
SION. These arc: I) the FILE SECTION,
where the data areas for all input and output
files are described; 2) the WORKING-STOR-
AGE SECTION, where data files are set up
which are not part of the input/output files; and,
3) the CONSTANT SECTION, where constant
words are established. This latter section may
not always be used, for these words may be
set up under the WORKING-STORAGE SEC-
TION. In most programs the CONSTANT
SECTION is not used and will not be covered
in this description.

I. FILE SECTION
For each file which has been defined by the
SELECT clause in the ENVIRONMENT
DIVISION, there must be an FD (file de-
scription) in the FILE SECTION of. the
DATA DIVISION. The FD is begun in
column 8 and is followed by the name which
the programmer gives to the file in the
ENVIRONMENT DIVISION. After this
entry, various entries are made to describe the
file to the COBOL compiler. The program-
mer should consult his computer reference
manual for the entries which follow since
there will be some modifications for each
compiler.

a. RECORDING MODE IS
The RECORDING MODE IS clause is
used to specify if the length of all records
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are the same. All cards have the same
number of columns and are said to be of
fixed length. A file which has the same
number of characters in each record is
defined as being fixed length. A file in
which the number of characters changes
from one record to another is said to be
variable length record. A tape file might
have all records the same length (in
which case it would be fixed length) or
each record might be a different length
(in which case it would be variable
length).

b. LABEL RECORDS ARE
The LABEL RECORDS ARE clause is
used to specify if label records are
OMITTED or are STANDARD on the
file. Files such as card files, often do
not have label records and the entry
would be LABEL RECORDS ARE
OMITTED. If label records are to be
used on a disk or tape file, the entry
would be LABEL RECORDS ARE
STANDARD.

c. RECORD CONTAINS (integer)
CHARACTERS

This clause is used to indicate the num-
ber of characters in the record. For the
print file, this clause may read: REC-
ORD CONTAINS 132 CHARACTERS.

d. BLOCK CONTAINS (integer) REC-
ORDS

This clause is used to specify the number
of records in a block for tape or disk
files. When records are combined to-
gether they make up a block. The num-
ber of records in a block is known as
the blocking factor. Since the computer
reads one entire block at a time, this
allows the computer to read or write
several records at one time. If the
blocking factor is 5 for a tape file, the
entry would be BLOCK CONTAINS 5
RECORDS.

e. DATA RECORD(S) 1S/ARE (record
name)

This clause is used to define and name
the data records in the file. If there is
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one data record, the entry would be
DATA RECORD IS (record name). If
there is more than one record, the entry
would be DATA RECORDS ARE
(record-name-I, record-name-2 ...)

f. Record Description
For each record name given in the FD,
there must be a record description. Data
is described by level numbers and names
which are assigned to the level numbers.
The record name(s) is/are given the
highest level number 01. Fields are de-
scribed by levels 02 through 49. This
allows the record to be divided into fields
and subfields into as many as 49 levels.
The programmer must give a name to
each of the items in the record descrip-
tion. If a part of the record is not used,
it is given the name FILLER.

The levels which cannot be further
subdivided are known as the elementary
items. The elementary item must be
described by the PICTURE clause. The
PICTURE clause is used to describe the
type of data in the item and the size of
the item. There can be three types of
data: alphabetic, which is specified by
the letter A; numeric, which is specified
by the number 9; and alphanumeric,
which is a combination of letters and
numbers and is specified by the letter
X. Since alphabetic data can be handled
by the X specification the A often is not
used.

WORKING-STORAGE SECTION
The WORKING- STORAGE SECTION is
used to define data fields which are not part
of an input or output file. Data is defined
in the same manlier in which data is defined
in the FILE SECTION, except that it is not
necessary to include an FD statement since
no file is used. In addition to the level
numbers 01 through 49, which are used to
define field and subfields, the programmer
can also set up independent data items by
use of the level number 77. The level 77
data fields must come before any 01 level
numbers.

The VALUE IS clause can be used to



initialize the fields. For example, if a five
position counter with two decimal positions
is needed, the entry could be coded PIC-
TURE IS 9(3)V99 VALUE IS ZERO. The
VALUE IS ZERO would cause the counter
to start off as zeros. If a value of 0.45 was
to be initialized in a counter, it could be
coded as PICTURE IS V999 VALUE IS
.045. If the VALUE clause is not used, the
programmer cannot make an assumption as
to what will be in the positions when the
program first begins.

A five position alphanumeric field could
be specified as either PICTURE IS XXXXX,
or PICTURE IS X(5). A three position
numeric field with no decimals could be
specified as PICTURE IS 999 or PICTURE
IS 9(3). A six position numeric field with
two decimal positions would be specified by
PICTURE IS 9(4)V99. The letter V is
used to show where the assumed decimal
point is established in the field.

D. PROCEDURE DIVISION

The PROCEDURE DIVISION is the fourth
division in the COBOL program. It is in this divi-
sion that all instructions are written. The pro-
grammer uses his flowchart, which should show
the order in which the instructions should be
coded. The PROCEDURE DIVISION is di-
vided into paragraphs. Each paragraph is a rou-
tine which is made up of a number of statements
which perform a specific function. Each state-
ment begins with a verb which describes some
action to be taken by the computer when the
program is executed. The statement must end
with a period and a space. Statements are exe-
cuted in the order in which they are written un-
less a branch is used to cause the program to skip
to another paragraph in the program. The pro-
grammer should consult the reference manual for
technical details about the following verbs and
their use.

1. Input/Output Verbs
The verbs which are used to control input
and output operations are the OPEN,
CLOSE, READ, and WRITE.

a. OPEN
Before the program will READ or
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WRITE a file it must be opened. The
OPEN statement must specify if the file
is an input or an output file and which
file is to be opened. More than one file
may be opened by the OPEN statement.
The OPEN statement is written as fol-
lows: OPEN INPUT (file-name-1, file-
name-2 ...) OUTPUT (file-name-3, file-
name-4 ...).

b. READ
After an input file has been opened it can
be read. The READ statement is written
as follows: READ (file-name) AT END
(statement). Each time the READ state-
ment is executed the next record is

placed in the area defiled in the FD of
the DATA DIVISION. The AT END
clause must be written for each READ
statement. Any statement may follow
the AT END clause. The GO TO state-
ment is often used to force the program to
branch to another part of the program
when the end of the file is reached. The
GO TO statement will be discussed later
in this section.

c. WRITE
The WRITE statement is used for an
output file. Once the file has been
opened it can be written by the WRITE
statemen., which is coded WRITE (rec-
ord-name). For a print file the AD-
VANCING option can be used to cause
the printer to space before or after the
printing operation. The statement is

coded as follows: WRITE (record-
name) (BEFORE/AFTER) ADVANC-
ING (integer) LINES.

d. CLOSE
Once the programmer has finished with
the file, the file should be closed with the
CLOSE statement. It is written as fol-
lows: CLOSE (file-name-1, file-name-2,

2. MOVE
The MOVE statement is used to transfer
data from one part of memory to another
part of memory. The statement is written as
follows: MOVE (data-name-1 / literal ,'



figurative-constant) TO (data-name-2). The
data in the first part of the MOVE statement
is copied in the positions in data-name-2. If
a data name is used it must be set up in the
DATA DIVISION. A literal is a value
which has not been set up in the DATA
DIVISION and, cannot be referenced b, a
data name. A figurative constant is a value
which is often used as a literal and has been
given a special name. Two figurative ^on-
stants which are often used in a ( iL
program are SPACE or SPACES and ZERO
or ZEROS.

3. STOP
The STOP statement is used to cause the
execution of the program to halt. The STOP
statement is written STOP RUN or STOP
(literal). STOP RUN causes the progr rn
to halt and the program cannot be re-
started. The STOP (literal) causes the pro-
gram to STOP but by pushing the run button
the program will execute the next instruction
after the STOP statement. The literal can be
used to determine where the program
stopped.

4. GO TO
Instructiols are normally executed in the
order in which they arc written. The GO TO
statement is used to cause the program to
branch to another part of the program. The
GO TO statement is written as follows: GO
TO (paragraph name). The next instruction
to be executed will be the first statement of
the paragraph specified.

5. Arithmetic Verbs
For each of the following arithmetic verbs,
COBOL aligns the data field according to
their assumed decimal point.

a. ADD
The ADD statement is coded as follows:
ADD (data-name-1 / literal; data-name-
2 / literal ...) TO (data-name-n).
When thi. statement is executed, the data
in the first data-name(s) are added alge-

braically to the 1- .i data-name. The
first data-name(s) are not changed. The
ADD statement can also be written as
follows: ADD (data-name-1 / literal;
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data-name-2 / literal / ...) GIVING
(data-name-n). In this case, the data-
name and/or literals are added together
and the result is stored in data-name-3.
Data-name-3 is not part of the addition
and thus the original data in the data-
name will be replaced with the result of
the addition.

b. SUBTRACT
The SUBTRACT statement can be writ-
ten as follows: SUBTRACT (data-name-

1 / literal; data-name-2 / literal ...)
FROM (data-name-n). In this case. each
of the data-name(s)/1:tf...ral(s) are sub-
tracted algebraically from the last data-
name. The result is stored in the last
data-name. The firs Jata -names do not
change.

The SUBTRACT statement can also
be written SUBTRACT (data- name -1/
literal; data-name-2/literal ...) FROM
(data-name-n-1) GIVING (data-name-
n). The result in this case replaces the
data which was stored in data-name-n.
The data in all other data-names remains
unchanged.

c. MULTIPLY
The MULTIPLY statement has two for-
mats: MULTIPLY (data-name-1 / lit-
eral-1) BY (data-name-2); or MULTI-
PLY (data-name-1 / literal-1) BY (data-
name-2 / literal-2) GIVING (data-
name-3). The only difference between
the two statements is that in the first case
the result is stored in data-name-2 and in
the second case data-name-2 is not de-
stroyed and the result is placed in data-
name-3.

d. DIVIDE
The DIVIDE statement like the MUL-
TIPLY has two formats. DIVIDE (data-
name-1 / literal-1 ) INTO (data-name-2);
or DIVIDE, (data-name-1 / literal -1 )
INTO (data-name-2 / literal-2) GIV-
ING (data-name-3). In the first state-
ment the result is stored in data-name-2
and in the second the result is stored in
data-name-3 without changing data-
name-2.
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6. IF
The IF statement is used to test relationships
between data fields The basic format for
simple conditional statements is IF (condi-
tion) (imperative statementts) ) ELSE/
OTHERWISE (imperative statement(s)).
The condition could be written as follows:
(1) A IS EQUAL TO B, (2) A IS LESS
THAN B, (3) A IS GREATER THAN B,
(4) A IS NOT EQUAL TO B, (5) A IS
NOT LESS THAN B, (6) A IS NOT
GREATER THAN B, (7) A IS POSITIVE,
(8) A IS NEGATIVE, or (9) A IS ZERO.
The imperative statement is any direct
COBOL command such as MOVE, ADD or
OPEN.

The second half of the statement, ELSE/
OTHERWISE (Imperative statement(s)), is
not required. ELSE and OTHERWISE can
be used interchangeably without changing
the meaning of the statement. If used, ELSE
and OTHERWISE allow the programmer to
instruct the computer to execute another
statement(s) if the condition is not true.
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7. PERFORM
The PERFORM, like the GO TO, is used
to alter the sequence in which the instruc-
tions are executed. The PERFORM allows
the programmer to branch out of the main
routine and execute one or more paragraphs
and then automatically returns to the next
statement following the PERFORM state-
ment. To execute only one paragraph, the
statement is written as follows: PERFORM
(paragraph-name). To execute several con-
secutive paragraphs the PERFORM is writ-
ten PERFORM (paragraph-name-1) THRU
(paragraph-name-n).

The TIMES clause allows a paragraph to
be performed several times. It is written as
follows: PERFORM (paragraph-name-1)
(integer / data-name) TIMES.

The UNTIL clause causes the paragraph
to be performed until some condition is met.
It is written as follows: PERFORM (para-
graph-name) UNTIL (condition).
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DIVISION XXXII: INTRODUCTION
w TO RPG (3 hours)

A. Description

IBM began development of RPG, a specialized
programming language, in the 1950's. RPG (Re-
port Program Generator) is a higher-level lan-
guage that has been altered and improved and
has become a major language for The Model 20
of the IBM System/360. RPG was further
modified into RPG II, which was introduced in
the 1970's to be used with the IBM System/3.
RPG was designed specifically for the creation
of business reports.

B. Coding Format

There are seven different coding specifications
for RPG, some of which may be combined onto
one coding sheet. Each coding specification is
used for a specific purpose in an RPG program.
Although most of the fields on the coding sheets
are different, there are certain fields which are
common to all of the coding sheets.

The page number for each sheet is coded in
card columns 1 and 2. In addition each line on
the coding sheet can be assigned a number by
using card columns 3 through 5. Together the
page and line numbers can be used to give each
line of coding a different number so the cards
can be easily arranged in sequence.

Each card in the source program must specify
the form type in card column 6. The form type
identifies one of the seven specifications used in
RPG.

Card columns 7 through 74 are used to code
each RPG statement. The programmer may code
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an * in card column 7, specifying that line of
coding will not be treated as a source statement
in the program. This specification allows the pro-
grammer to be able to insert comments to docu-
ment his work into the program. The line of
coding will be printed on the source listing but
will not generate any object coding by the com-
piler.

Card columns 75 through 80 are used for
program identification. The program number or
name can be punched in these columns.

C. RPG Coding Specifications

RPG uses seven different specification forms in
the coding of an RPG source program. The
seven specification forms are:

1. RPG CONTROL CARD specification which
is used to guide the computer in the com-
pilation of the RPG program.

FILE DESCRIPTION specification is used
to indicate the input and output equipment
needed by the program.

3. FILE EXTENSION specification is used to
give information about tables to be used by
the program.

4. LINE COUNTER specification is used to
control printed output when it is to be
printed at a later time or by a printer that
does not have a carriage control tape.

5. INPUT specification is used to describe the
format of the input records.

6. CALCULATION specification is used to de-
scribe mathematical calculations, decisions
and data movements in the program.

7. OUTPUT-FORMAT specification is used to
describe the format of the output records.

2.
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DIVISION XXXIII: RPG
PROGRAMMING (140 hours)

A. Introduction

An RPG program is written by supplying the
cowniler with information about the nature of
the program. To a large extent the logic of the
program is determined by the compiler. The pro-
grammer describes the input. what processing is
necessar\, and what should be included in the
output. The compiler will determine what steps
it must take to produce the desued output.

This division will describe the basic fields
which are used in the specification forms. Addi-
tional information about RPG can be found in
the programmers' reference manual. The ex-
amples in these sections will be limited to card
input and printed output.

B. RP(; Control Card

The RPG control card is used by the RPG com-
piler for certain special conditions. For most
simple jobs it is only necessary to punch the
letter H in card column 6, to indicate that this
is a header card.

C. File Description Specifications

The file description specification is used to de-
scribe the input and output equipment needed by
the program. These cards link the files de-
scribed on the input and output specifications to
the physical input and output devices. There
must be one line of coding for each input and
output file used in the program.

I. Form Type (card column 6)
The letter F is punched in each file descrip-
tion card to, identify it as a file description
card.

2 Filename (card columns 7-14)
The programmer must give each file a name
of not more than 8 characters. The name
should start in column 7 and begin with an
alphabetic character. There must he no em-
bedded blanks and the name should be made
up of letters and numbers.

3. File Type (card column 15)
One of the following entries should he made
in column 15:
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Iidentifies an input file
0identifies an output file
U identifies an update file, which would be

used by a direct access medium (disk file)
when the file is used for both input and
output

Cidentifies a combined file for cards which
are going to be read and also punched

4. File Designation (card column 16)
In the case of a card input file "V should be
entered here to designate that it is the pri-
mary file. This column is blank for the

printer file.

Pprimary file
Ssecondary file
Rdirect access storage for handling record

address files
C-- chained file
Ttable file

5. End of File (card column 17)
The letter E is used in this field to cause the
LR (last record) indicator to turn on when
the last record of an input file has been read.
For output files this field is blank.

6. Sequence (card column 18)
The letter A is used to specify that the input
file is in ascending order and the letter D is
used to specify descending order. If the

column is left blank, RPG assumes ascend-
ing order.

7. File Format (card column 19)
The letter F is used to specify that the file
will have fixed length records and tie letter
V is used to denote variable length records.

8. Block Length (card columns 20-23)
This field is used to specify the length of the,
block. Since the standard card is 80 columns
and is unblocked, the entry for a card file
would be 80.

9. Record Length (card columns 24-27)
This field specifies the length of the record.
Since the card is 80 columns, the entry
would be 80.

10. Overflow Indicator (card columns 33-34)
The entry of OF can be used to specify a
skip from the bottom of the printer output



page to the top of the next page. The OF
indicator will be turned 'ON' each time the
page overflows. This indicator can be used
on the output specification form to control
the printing of headings.

I I. Extension Code (card column 39)
The entr of L in this field is made if more
information is necessary on the line specifica-
tion sheet.

P. Device (card columns 40-46)
This field is used to specify the tape of input
or output device.
PRINTERprinter
READOIIBM 2501 card reader
READ20IBM 2520 card read-punch
READ40IBM 2540 card read-punch
READ42IBM 1442 card read-punch
TAPEmagnetic tape output unit
DISK I IIBM 231 1 disk storage drive

13. Symbolic Device (card columns 47-52)
This field will not be used in these examples.

D. Extension Specification Form

The Extension Specification Form is used to
provide information about chaining files, tables
and record address files. These specifications
will not be discussed in this outline.

E. Line Counter Specification Form

The Line Counter Specification Form is used
when printed output is stored on an intermediate
device such as tape or disk to be printed later.
The system which is being used will determine
if this specification is required.

I. Form Type (card column 6)
Each Line Counter Specification must have
an L punched in this field.

Filename (card columns 7-14)
The printer filename which was used on the
File Description must be entered in this field.

3. Line Number and FL or Channel Number
(card columns 15-19)

For each channel to be used, the program-
mer must specify the line number and the
channel to which that line number will ap-
ply. The programmer would then normally
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use the first two specifications to indicate the
line number for channel 01 (top of page)
and the line number for channel 12 (end of
page).

F. Input Specifications

The Input Specifications sheet is divided into two
parts: record identification (card columns 7-42)
and field description (card columns 43-74). The
record identification positions are used to specify
record identification codes and the relationship
to other records in the file. The field description
is used to describe the fields of the input record.
The record identification data and the field de-
scription should not be coded on the same line.

I. Form Type (card column 6)
The letter I must be punched in each card to
identify the card as an input specification
sheet.

2. Filename (card columns 7-14)
Each input file must have a filename. This
must be the same name which the program-
mer specified in the filename field on the file
description sheet.

3. Sequence (card columns 15-16)
The sequenr- field is used to check the se-
quence of cards within a control group. An
example of a control group is the customer
number. If the first card is the balance card;
the second, the payment card; and the last,
the sales card; then this sequence must be
specified in the RPG program. This is done
by assigning numbers in the sequence field.
The entries must begin with 01 and be as-
signed consecutively for each record. If the
file is not in sequence the halt indicator HO
is set on. The HO indicator must be set off
by the SETOF operation or the program
will terminate. (See Calculaticn Specifica-
tions).

If the iput records oo not have to be in
sequence within the control group, alpha-
betic codes must be placed in the sequence,
field.

4. Number (card column 17)
If an alphabetic code was used in the se-
quence field, this field must be blank.

If I is specified in the number field, only
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one record of this type may exist within a
control group. If N is specified. one or more
records of this type may exist within a con-
trol group.

5. Option (card column 18)
If an alphabetic code was used in the se-
quence field, or if the record is required, this
field must be blank. If the record being
specified is optional, the letter 0 is entered.

6. Record Identification Indicator (card col-
umns 19-20)

This specification is used to establish a two-
digit code which is used by the object pro-
gram to determine which input is read into
the system. The programmer can use these
codes to refer to the record on the calcula-
tion and output specifications. The indicator
will be set ION' or 'OFF' as a result of a
test of the record identification code(s).

7. Record Identification Codes (card columns
21-41)

These specifications are used to identify the
codes which are used in the input record. If
these conditions are present the Record
Identification Indicator is set 'ON.' As many
as 3 codes can be set up on one line of the
RPG Input Specification Sheet. Additional
entries can be coded by using more than one
card and coding the word AND starting in
column 14. In this case all entries must be
true for the indicator to be set 'ON.' The
OR relationship can be specified for two
different record types with one set of record
descriptions by coding OR starting in column
14.

The Record Identification Codes are di-
vided into three sets. Each set is divided
into four categories: position, not, C/Z/D
and character.

a Position

The posit,on field specifies the position
of the character in the input record that
contains the identifying code. The entry
must be numeric and right justified.

b. Not

An entry of N specifies that the code
must not be present for the indicator to
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be set 'ON.' If the entry is blank the
code must be present to be set 'ON.'

c. C/Z/D
An entry of C specifies the entire charac-
ter will be tested. An entry of Z will test
the zone only and an entry of D will test
the digit only.

d. Character

This entry specifies the character which
will be compared with the character
specified in the input record.

8. Field Location (card columns 44-51)
The field location positions are used to
specify the location of each field in the input
record. The entries must be numeric and
right justified.

a. From (card columns 44-47)
This specification is used to code the
leftmost position of the field.

b. To (card columns 48-51)
This specification is used to code the
rightmost position of the field.

9. Decimal Positions (card column 52)
This entry specifies the number of decimal
positions in a numeric field. If the field is
alphabetic the specification must be left
blank. There must be an entry to edit or
zero suppress a numeric field.

10. Field Name (card columns 53-58)
Each field which is defined must be given a
name. The field name must begin with an
alphabetic character and start in position 53.
The field name may be alphanumeric and
cannot contain embedded blanks.

1 1. Control Level (card columns 59-60)
This specification is used to designate the
control fields in the input data. Up to nine
control levels can be used. These are desig-
nated from low to high as LI, L2, L3 ...
L9. An indicator is set for each control level.

G. Calculation Specifications Form

The Calculation Specifications are used to de-
termine the operations to be performed by the
object program. Each operation is specified on
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one line of the form. Operations must be listed
in the order in which they are to be performed
with all detail calculations preceding total calcu-
lations.

The Calculation specification is divided into
three parts. Card columns 7 to 17 determine
when the calculations are performed. The type
of calculations to be performed are specified in
columns 18 to 53. Card columns 54 to 59 are
used to test the results of calculations.

I. Form Type (card column 6)
The letter C must be punched in each card
to identify the card as a Calculation Specifi-
cation.

Control Level (card columns 7-8)
An entry in these positions indicates that the
calculation is to be performed at total time.
If these positions are left blank the calcula-
tion will be performed at detail time.

The entries LI through L9 may be speci-
fied in these positions. These are the same
as the control levels that were specified in
the Input Specifications to determine when
control breaks would occur. In addition LR
can be used for the last record indicator.
The LO indicator is on throughout execu-
tion of the object program and is used to
specify total calculations when no control
break has occurred. The LO can he used to
accumulate totals for each page.

3. Indicators (card columns 9-17)

From one to three indicators can be specified
for both total and detail calculations to con-
trol when the calculations will be executed.
The record identification indicators which
were described in the Input Specifications
can be used in these positions. The indicators
are entered in card columns 10-11, 13-14,
and 16-17. The letter N can be entered in
card columns 9, 12 and/or 15 if it is neces-
sary to indicate that the indicator must not
be 'ON' for,the calculation to be performed.

4. Factor I (card columns 18-27)

This specification can be a field name, a
literal or a label. If a field name is used it
must have been defined on the Input Specifi-
cations form or in the result field of the Cal-
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culations Specifications. Field names must
be left justified.

5. Operation (card columns 28-32)
These entries specify the operation that is to
be performed using factor 1, factor 2 and
result field.

6. Factor 2 (card columns 33-42)
The description of factor 2 is the same as
factor 1.

7. Result Field (card columns 43-48)
This specification is used to set up storage
that is to contain the result of the calcula-
tion. The name must be alphanumeric and
left justified.

8. Field Length (card columns 49-51)
This entry specifies the length of the result
field. When the field is used more than once,
the length of the field must be the same in
all calculations.

9. Decimal Positions (card column 52)
This entry indicates the number of decimal
positions in the result field. If the result
field does not have any decimal positions,
the entry must be 0.

If the result field is alphanumeric, this
position must be blank.

10. Half Adjust (card column 53)
An entry of H will cause the result field to
be rounded to the nearest whole number.

11. Resulting Indicators (card columns 54-59)
The resulting indicators can be set ON or
OFF as the result of the COMP, SETON,
or SETOF instructions. The indicators can
also be set ON or OFF as the result of
arithmetic. operations to indicate if the result
was plus, minus, or zero.

12. Operations

The following is a brief description of the
operations that can be used on the Calcula-
tion Specifications sheet.

a. ADD (add)
The data in factor 2 is added to factor 1
and the result is placed in the result field.



b. Z-ADD (Zero and Add)
The result field is set to zeros and factor
2 is placed in the result field. Factor 1

is not used.

c. SUB (Subtract)
The data in factor 2 is subtracted from
factor 1 and the result is placed in the
result field.

d. Z-SUB (Zero and Subtract)
The result field is set to zeros and factor
2 is made negative and placed in the
result field. Factor I is not used.

e. MULT (Multiply)
The data in Factor I is multiplied by the
data in factor 2 and the product is placed
in the result field.

f. DIV ( Divide )

The data in factor I is divided by the
data in factor 2 and the quotient is stored
in the result field. Any remainder is lost
unless the move remainder operation
(MVR) is specified as the next opera-
tion.

g. MVR (Move Remainder)
The remainder from the divide operation
is moved to the result field. Factor I and
factor 2 are not used.

h. MOVE (Move)
Data in factor 2, beginning with the
rightmost position, is moved to the right-
most position of the result field. If factor
2 is longer than the result field, the left
most positions of factor 2 are not moved.
If the result field is longer than factor 2
the positions to the left of the data being
moved are left undisturbed.

i. TAG (Providing a label for GO TO)
This entry allows the programmer to
provide a name to which the program
can branch. The label is entered in factor
I. Factor 2 and the result field are not
used.

j. GOTO (Branching)
This entry causes the program to branch
to another part of the program. Factor
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2 specifies the label to which the program
will branch. Fak..or I and the result field
are not used.

k. SETON (Set Indicators On)
This entry causes the indicators specified
in positions 54-55, 56-57 or 58-59 to be
set ON. Factor I, factor 2 and result
field are not used.

1. SETOF (Set Indicators Off)
This causes the indicators specified in

positions 54-55, 56-57 or 58-59 to be set
OFF. Factor 1, factor 2 and result field
are not used.

m. COMP (Compare)
This entry is used to compare the field or
literal in factor 1 against factor 2. The
result of the compare will set the resulting
indicators in positions 54-.59. The high
indicator is set when factor 1 is greater
than factor 2. If factor 1 is less than
factor 2, the low indicator is set. If the
two fields are equal, the equal indicator
is set.

H. Output-Format Specifications

The Output-Format Specifications specifies the
type of output Wes to be produced and the loca-
tion of the data fields. The specifications are
divided into two parts: File Identification (posi-
tions 7-31) and Field Description (positions
23-74). The File Identification data cannot be
coded oa the same line as the field description
data.

I. Form Type (card column 6)
The letter 0 must be punched in each card
to identify the card as an Output-Format
Specification.

2. Filename (card columns 7-14)
Each output file must have a filename. This
must be the same as the name which the
programmer specified in the filename field
on the File Description Specification sheet.

3. Type H/D/T (card column 15)
This specification indicates the type of rec-
ord to be described. The following entries
are used:
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a. HHeading record
b. DDetail record
c. TTotal record

Heading records must be described first
followed by detail records and then by
total records

4. Space Before (card column 17)
This specification is used to control spacing
before the line is printed. The entry in this
position must be 0. I, 2, 3 or blank. If the
position is blank no spacing is provided be-
fore printing.

5. Space After (card column 18)
This specification is used to control spacing
after the line is printed. The entry in this
position must be 0, I, 2, 3 or blank. If the
position is blank no spacing is provided after
printing.

6. Skip Before (card columns 19-20)
An entry of 01 through 12 will cause the
printer to skip to that channel before the line
is printed. If this entry is blank, no skipping
is provided before printing.

7. Skip After (card columns 21-22)
An entry of 01 through 12 will cause the
printer to skip to that channel after the line
is printed. Should this entry be blank, no
skipping is provided after printing.

8. Output Indicator (card columns 23-31)
The output indicator specifications are used
for both the file identification section (posi-
tions 7-31) and the field description section
(positions 23-74). When two or more indi-
cators are specified, they are considered to be
in an AN!) relationship. Up to 3 indicators
can be specified on one line. Additional in-
dicators can be specified by coding AND in
positions 14-16. An OR relationship can be
specified by coding OR in positions 14-15.
An OR specification cannot be used to con-
dition a field but can be used for a file. The
description for each indicator allows the in-
dicator to be tested to determine if it is ION'
or 'OFF.' By coding an 'N' in the Not posi-
tion the programmer specifies that the indi-
cator must not be 'ON.'
The overflow indicator (OF) and the first

83

page (IP; indicator can be used for heading
lines. The OF indicator is used whenever
the printer spaces to the top of the page.
The I P indicator is set for the first page
only. The detail line can also use the indi-
cators which the programmer set up by the
Input Specifications. The total lines can use
the control level indicators (L I-L9) and
the last record indicator (LR) which is set
when the last input record is read.

9. Field Name (card columns 32-37)
This field is used to specify each field to be
written. The fields will be moved in the order
in which they are written.

RPG will automatically number the pages
of printer output when the programmer
specifies the word PAGE in the field name.

10. Edit Codes (card column 38)
An entry of Z will cause zero suppression of
a numeric field. When an edit word is used,
the edit code field must be blank.

11. Blank After (card column 39)
An entry of B will cause the field to be reset
to blanks for an alphanumeric field or reset
to zeros for a numeric field after placing the
field in the output record

12. End Position in Output Record (card col-
umns 40-43)

This specification is used to indicate the low-
order position to which the field will be
moved in the output record.

13. Constant or Edit Word (card columns 45-
70)

. The programmer can set up literals that are
to be printed on the output report by coding
an apostrophe, followed by the characters of
the literal, and a closing apostrophe. This
method is used to set op headings for the
printed output. The field name must be blank
for any line coded with a constant.

Edit words allow the programmer to insert
dollar signs, commas and periods in numeric
fields. An edit word must be coded with a
beginning and closing apostrophe. A blank
space in the edit word is replaced with a
numeric character from the data field. The



ampersand is used to cause the edit word
to leave a blank space in the data which is
being edited. A zero is used to suppress
leading zeros. A zero can be placed in the
rightmost position where zero suppression is
to take place. An asterisk can be used to
cause asterisk protection and zero suppres-
sion. The asterisk should be placed in the
rightmost position of where zero suppression
is to take place. An asterisk will replace
each position which is left blank by the zero
suppression. It a dollar sign is written to the
left of the zero the dollar sign will be in-
serter; to the left of the first significant digit.
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The dollar sign will "float" to the right and
be positioned in front of the first significant
digit. A dollar sign that is written immedi-
ately to the right of the apostrophe will not
float but will remain fixed in the position as
written. Decimal point and commas are
printed in the edited output in the same
positions as written unless zero suppression
is specified; then if they are preceded by
zeros, the decimal and commas are blanked
out. The CR (credit symbol) or minus will
be left undisturbed if the field is minus. If
the field is positive, the CR or minus will be
blanked out.
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ODIVISION XXXIV: THE DATA
PROCESSING DEPARTMENT (30 hours)

A. Functions

The data processing department should provide
a service to the business organization. It should
provide management with the reports they need
to make sound decisions. In order to do this
the department must gather, process, and distrib-
ute data to management.

B. Selection of Equipment

The selection of equipment is divided into two
major parts: (1) getting proposals from manu-
facturers and (2) evaluating of the proposals. It
is important for the organization to define clearly
the objectives and requirements of the needed
data processing system. Without a clear idea of
what is needed, the organization is forced to
accept the manufacturers' judgment of what
should be included in the system. Some factors
which should be considered are: hardware per-
formance, software performance, cost, manufac-
turers' support, compatibility, growth, delivery,
and availability of application programs.

C. Personnel

1. Supervisors

The supervisor is the person who has the re-
sponsibility for the data processing depart-
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meat. In a small organization, there might
only be one supervisor, but in a large or-
ganization, there might be a supervisor for
such areas as systems, programming, and
operations.

Systems Analyst
The systems analyst is responsible for the
design and improvement of the data process-
ing system. He outlines the system and pro-
vides guides for the programmer.

3. Programmer
The programmer is responsible for the flow-
charting, coding, debugging, and documen-
tation of the programs necessary to imple-
ment the system.

4. Computer Operator
The operator runs the programs on the com-
puter. He must follow the detailed procedure
for each program, which has been supplied
by the programmer.

5. Keypunch Operator
The keypunch operator punches data into
cards. In some organizations, the data is

keyed on to tape instead of cards.

6. Unit Record Equipment Operator
The unit record operator is responsible for
the punched card equipment such as the
sorter, collator, and accounting machine.

9.i



PART IV

TEACHING AIDS

DIVISION XXXV: UNIT RECORD
LABORATORY PROBLEMS

V-1 Keypunch

Using the following fields, punch a card using
your own name and address etc. Check the card
to make sure there are no errors.

Field

Social Security
First Initial
Second Initial
Last Name
Street Address
City and State
Zipcode

V-2 Program Card

Using the following fields, set
program card.

Field

Customer Name
Invoice Number
Invoice Date, Month, Day
Customer Number
Quantity
Item Number

Card Columns

1-9

10

11

12-22
23-33
34-44
45-49

up and punch a

Card Columns

1-20
11_15

26-29
39-43
44-47
50-52

V-3 Keypunch and Program Card

Using the program card punched in problem num-
ber 2, punch the following data into the proper
field. Make sure there are no errors.

Field Data

(A) Customer Name
Inv. No.
Inv. Date
Custom' No.
Qty.
Item No.

Jones Co.
304
Sept. 29
50784
25
107

86

V

(B) Customer Name
Inv. No.
Inv. Date
Cust. No.
Qty.
Item No.

(C) Customer Name
Inv. No.
Inv. Date
Cust. No.
Qty.
Item No.

(D) Customer Name
Inv. No.
Inv. Date
Cust. No.
Qty.
Item No.

Allen and Stern
1045
Oct. 13
14976
351
074

Brown Co.
17045
July 4
57892
3

784

A. B. C. Co.
17420
Nov. 14
143
45
342

VI-1 Sequencing

Sequence the sales analysis deck ( #.774891) by
the invoice number (card columns 21-25)

VI-2 Selection

Select all cards for salesman -. # 3 from the sales
analysis deck (card column 33).

VI-3 Grouping

Group the cards according to salesman number
(card column 33).

VI-4 Sequence by more than one field

Sequence the sales analysis cards by product item
number within product group number. (Item
number 50-52, group number 48-49).

VI-5 Sequence by more than one field

Sequence the cards by item number within branch.
(Item number 50-52, branch 30-31).
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Note: In order to use the following problems, it will
be necessary to straight reproduce (80-80)
several decks of the , iginal problem deck.

VIII -1 Read to print

Wire a control panel using the following fields and
interpret the above 12-rows.

Field Data Card Columns

Description Flour 1-15

Product No. 3491 16-19
Unit Price 12.34 (001234) 20-25
Vendor No. 379-87 (37987) 70-74

b. Keypunch a master card and gang punch
into 10 blank cards the following data.

Field Card Columns Typebars Using the same card columns as above.

Product Description 1-20 1-20 Field Data
Invoice Number 21-25 56-60 Product Description Pickles
Invoice Date Product No. 4701
Month 26-27 49-50 Unit Price 7.04 (000704)
Day 18..29 52-53 Vendor No. 381-22 (38122)

VIII-2 X-elimination
IX-2 Straight Reproducing

Using the cards from the previous problem, wire
a control panel and print between the 12 and 11
row. Eliminate the X-punch in column 58.

Field Card Columns Typebars

Group 48-49 11-12
Item 50-52 3-5
Customer Number 39-43 56-60
Sales Amount 5 3-58 45-50

VIII-3 Class Selection

Interpret the cards using the following data. Se-
lect the printing of the cost amount on an X58
condition.

Field Card Columns Typebars

X 55-60
Cost Amount 59-64 NX 45-50
Invoice No. 21-25 1-5

VIII-4 Field Selection

Using the X78 condition, select the fields to be
interpreted as shown below. Eliminate the X-
punch in 58.

Field Ca rd Columns Typebars

Sales
Cost
Invoice No.

53-58
59-64
21 -25

45-50 X cards
45-50 NX cards

1-5

IX-1 Gang Punching

a. Keypunch a master card and gang punch
into 15 blank cards the following data.

87

a. Using the following fields in the sales
analysis deck (IBM No. 774891), re-
produce the data into a new deck of cards
using the same card columns.

Field Card Columns

Product Description 1-20
Product Number 21-25
Group 48-49
Item 50-52
Branch 30-31

b. Repeat the above experiment and move
the data to the following fields.

Field

Product Description
Product Number
Group
Item
Branch

Card Columns

6-25
26-30

1 -2

3-5
64-65

IX-3 Interspersed Gang Punching

a. Using the two master cards in problem 1
above, intersperse gang punch the data
and compare. Use five detail cards be-
hind each master. The detail cards
should only have an X-punch in column
76.

b. Repeat the same problem as above only
add an X-punch in column 79 of the
master cards The detail cards should
have no X-punch.
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X -1 Merging

Sequence the cards b Invoice number (card
columns 21-25 ). Select from the tile all cards
which have a 2 punched in card column 48. Wire
the collator control panel to merge the two
groups of cards and check sequence.

X-2 Matching

Keypunch one card for each of the following
using, card columns 21 to 25 (Invoice Number).

00006
00007
00010
00011

00012
00013
00014
00022

Wire the collator control panel to match the key
punched cards and the sales analysis deck using
card columns 21 to 25.

X-3 Merging with selection

Using the cards key punched in problem 2, wire
the collator to merge with selection using the
same card columns (21-25).

402 PRACTICE PROBLEMS

The IBM Functional Wiring Principles Practice
Problem deck ( :..-- 774891) is used for the problems
in Divisions XII through XXI. Refer to foil 45
for the card columns to be used in the laboratory
problems. Prepare a control panel diagram and
wire a 402 control panel for all problems.

Problem XII-1

1. Detail prii.t.
2. Use the alphamerical typebars only for this prob-

lem.
3. Form Layout:

Invoic:, Customer
Number NumberSalon:an

Problem XII-2

1. Detail print.
2. Select print positions so that the report will be

evenly spaced.
3 Suppress insignificant /ems.
4. Form Layout:

Product Cost Sales Product
Description Amount Amount Number

88

Problem XII-2A

1. Change problem XII-2 so the sales amount also
prints in two positions on the report.

2. Detail print.

Problem XIII-1

1. Use the same report headings given in problem
XII-2.
Add the cost amount and the sales amount in
counters.

3. Print a final total.
4. Detail print.

Problem XIV-1

1. Takt: a minor total of sales amount by invoice
number. Print an asterisk after totals.

2. Sort cards in ascending order by invoice number.
3. Detail print.
4. Form Layout:

Invoice
Number

Problem XIV-2

Product
Description

Sales
Amount

1. Take 1 minor total of sales amount by product
item, an intermediate total by product group,
and a major total by customer number.

2. Sort cards in ascending order.
3. Print an asterisk after major totals.
4. Detail print.
5. Form Layout:

Customer No.

Problem X V-1

1.

1.

1.

Product Sales
Group Item Amount

Use the report headings given in problem XIV -l.
Add NX58 cards; subtract X58 cards; print a
CR symbol for negative amounts.
Take a minor total of sales amount by invoice
number. Print an asterisk after minor totals.

4. Detail print.

Problem XVI-1

1. Print the sales amount from those cards for sales-
men 2, 3, and 4. Use column 33 of the salesman
field.
Detail print.

l's,'
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3. Form Layout:

Product
Number Salesman 2 Salesman 3 Salesman 4

Problem XVI.2

1. Add sales cards (NX58) in one counter and add
sales return cards (X58) in another counter.

2. Detail print.
3. Take a minor total by invoice number.
4. Form Layout:

Invoice Product Sales Sales
Number Number Amount Returns

Problem XVI-2A

Emit the current date for returns.

Problem XVII-1

1. Take a minor total on cost amount using invoice
number as the control.

2. Add NX78 cards and subtract X78 cards. Print
CR by negative amounts and totals and an aster-
isic after totals.

3. Detail print with group indication on invoice
number.

4. Form Layout:

Invoice Product
Number Number

Product Cost
Description Amount

5. Do the group indication section of the problem
using a different method on each wiring.

Problem XVHI-1

1. Add NX78 cards and subtract X78 cards. Print
a credit symbol by negative amounts.

2. Take a minor total on cost amount using invoice
number as the control. Print an asterisk by
totals.

3. Group print.
4. Form Layout:

Invoice Cost
Number Amount

Problem XVHI.2

Wire problem XVIII-1 for both detail and group
printing by using setup change.

89

Problem XIX-1

1. Take a minor total on sales amount using prod-
tot item for program control and an inter-
mediate total using product group.

2. Sort the cards in ascending order.
3. Print an asterisk after intermediate totals.
4. Group print. Use the same typebars for both

levels of totals.
5. Form Layout:

Customer Product Pro bra Sales
Number Croup Item Amount

Problem XIX-2

1. Use the information given in problem XIX-1 but
take a major total also using customer number
for program control.

2. Couple a two- and a six-place counter to form
an eight-place counter for the major totals.

3. Group indicate where needed.

Problem XIX-3

Use the information given in problems XIX-1 and
XIX-2 but print totals in different typebars.

Problem XX-:,

1. The amount field is sales amount for X78 cards
and cost amount for NX78 cards.

2. Detail print.
3. Form Layout:

Product
Product No. Description Amount

Problem XXI-1

1. List sales amount frt-m NX58 cards in the sales
column and sales amount from X58 cards in the
returns column.

2. Detail print.
3. Form Layout:

Sales
Product No. Sales Returns

Problem XXII.1

The cards for the crossfooting problem must be
punched. Use the explanation given under Division
XXII for the problem.
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A+BC=R
3 5 2 6
9 3 2 10
5 2 1 6

Problem XXIII-1

1. Use the information given in problem XIX -1 but
take a major total using customer number for
program control.

90

2. Summary punch the major total for each cus-
tomer.

Problem XXIV-1

1. Each student should punch a name card, a street
address card, and a city and state address card.
Use card columns 1 through 30 for the name
and address fields.

2. Have students print
I
name and address labels for

the class.

ry R
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a DIVISION XXXVI: PROGRAMMING
PRACTICE SET

The programs in this practice set are intended to
give the student practice coding the computer language
and flowcharting the logic of a program.

The first two programs are to permit the student to
become familiar with the language and the machine.
The logic of these programs is not involved and this
allows the student to concentrate on the coding of the
computer language. The other programs in this prac-
tice set are designed to fit together into a system. The
programs can be modified to fit the needs of the com-
puter system and the student.

CARD FORMATS

Inventory Balance Card

Card
Columns

1- 5Item Number
6-25Item Description

26-28Quantity
29-33Amount
80 Code (1)

gale Card

Number of Columns
5

20
I
5

1

Card
Columns Number of Columns

1- 5Item Number 5

6-25Item Description 20
26-28Quantity 3

34-38Amount 5

39-43Customer Number 5

44-63--Customer Name 20
64-65Branch Code 2

66-67Salesman Code 2

68-72Invoice Number 5

73-78Invoice Date 6
80 Code (2) 1

73-78Purchase Order Date 6

80 Code (3) 1

Payroll Master Card
Card

Columns Number of Columns
1- 5Employee's Number 5

6-25Employee's Name 20
31-33Regular Rate 3

34-36Overtime Rate 3

37-43Total Gross Pay 7

44 -50 Total FICA 7

51-57Total Withholding
Tax (Federal) 7

58-64Total Withholding
Tax (State) 7

65-71Group Insurance 7

80 Code (4) 1

Purchase Card

Card
Columns Number of Cohmu,s

1- 5Item Number 5

6-25--Item Description 20
26-28Quantity 3

34-38Purchase Amount 5

39-43Vendor Number 5
44-63Vendor Name 20
68-72Purchase Order Number 5

9'

Payroll Time Card

Card
Columns Number of Columns

1- 5Employee's Number 5

6-25Employee's Name 20
26-28Number of HoursReg. 3

29-31Number of Overtime Hours 3
32-35Group Insurance (Amt.) 4
80 Code (5) 1

Accounts Receivable Balance Cards

Card
Columns

34-38Amount
39-43Customer Number
44-63--Customer Name
80 Code (6)

Accounts Receivable Payment Card
Card

Columns

34-38Amount
39-43Customer Number
44-63Customer Name
80 Code (7)

Salesman Master Card

Card
Columns

31-38Sales to Date
44-63Salesman Name
66-67Salesman Code
80 Code (8)

Number of Columns
5

5

20
1

Number of Columns

. 9.4

5

5

20
1

Number of Columns
8

20
2

1



SYSTEM FLOWCHART -SALES JOURNAL

Source
Document

/

)
Verify

41Pr

Sales
Journal

_.-

File Sales
Cards

92



SYSTEM FLOWCHART- PURCHASES JOURNAL

Source
Document

File
Purchase

Card

93

Purchases
Journal

0



SYSTEM FLOWCHART - INVENTORY UPDATE

Beginning
Inventory
Balance r Sales Purchases

Up Date
Inventory

Ending
Inventory
Balance

4,
( File

Deck

94



SYSTEM FLOWCHART FOR SALES ANALYSIS

Sales
Card
File

Sort
on
esn
No.

410

'alesman
Master Card

File
(8)

[Salesman
Performance

Report

7---
Sales

Card File

------*---
File

Extract

1

Salesman
Old Master
Card File

*
File

95
103

New
Salesman

Master
Card File

v;
File



SYSTEM FLOWCHART FOR ACCOUNTS RECEIVABLE

Balance
File

Sales
(2)

New
Balance

(6)

Accounts
Receivable

Update

Balance
(6)

Sales
(2)

96

Payment
(7)

O

e



Updated
Master
Cards

File

1

SYSTEM FLOWCHART FOR PAYROLL

Key Deck

Sort
Time

Cards by
Empi
Num

Time
Cards

Payroll
Register

Time
Cards

97

A
Extract

//Master
&

Time Cards

AI gr.%lfi Z"

Master
Cards



80/80 LISTPROGRAM 1

PROGRAM DESCRIPTION

Input:

Card Reader(any card deck)

Output:

Printer---80/80 Listing

Processing:

This program lists cards on the printer. There is one line of print for each card.

98
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DETAIL FLOWCH ART - 80/80 LIST

99
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LISTING PROGRAM WITH HEADINGSPROGRAM 2

PROGRAM DESCRIPTION

Input:

Card Reader(any card deck)

Output:

PrinterListing

Processing:

This program prints one line of print for each card. The program should also print a heading at the top
of each page.

100



DETAIL FLOWCHART OF LISTING PROGRAM WITH HEADINGS

Heading
Routine

1

Move Data
to

Print

1

Print

Yes (

101

STOP \}



SALES JOURNALPROGRAM 3

PROGRAM DESCRIPTION

Card ReaderSales (2) cards

Output:

PrinterSales Journal

Processing:

The sales cards should be sorted by customer number. The program should include a final total of the

amount field.
Some possible error conditions which can be checked are sequence and invalid code.

Printer Layout:

SALES JOURNAL

INVOICE NO. I DATE I CUSTOMER NO. 1 NAME 1 ITEM NO. I DESCRIPTION 1 AMOUNT
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DETAIL FLOWCHART FOR SALES JOURNAL

Heading
Routine

Add Sales
to

Counter

Move Card
Data To

Print

i

103



PURCHASES JOURNALPROGRAM 4

PROGRAM DESCRIPTION

Input:

Card ReaderPurchase (3) cards

Output:

PrinterPurchase Journal

Processing:

The purchase cards should be sorted by vendor number. The program should include a final total of the
amount field.

Some possible error conditions which can be checked are sequence, and invalid code.

Printer Layout:

PURCHASE JOURNAL

PURCHASE
ORDER NO. ORDER

PURCHASE[ VENDORI
UMBERMBER 'NAME

VENDORI i ITEM
NO.

104

ITEM
I DESCRIPTION I AMOUNT

I I 2
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DETAIL FLOWCHART FOR PURCHASES JOURNAL

Heading
Routine

/
Read

a
Card /
Last

Card?
Yes

Move
Counter

to
Print

Print
a

Line

Add
Purchases

to
Counter

Move Card
Data to

Print Line

105



INVENTORY SUMMARYPROGRAM 5

PROGRAM DESCRIPTION

Input:

Card ReaderSales (2), Purchases (3), and Balance (1) cards

Output:

PrinterInventory Summary

Card PunchNew Balance cards (1)

Processing:

The cards should be sorted by item number. There can be an unlimited number of sales and purchases
cards but there should not be more than one balance card for each item. Sequencewithin item number makes

no difference.

Some possible error conditions which can be checked in the program are sequence, invalid code, non-
numeric fields, and more than one balance per item.
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A

MAIN LINE

FLOWCHART - INVENTORY UPDATE

Housekeeping

*

Heading
Routine

/
4

Read
First
Card

1

/

Final
Total
Routine

Process
Routine

108

Total
Routine
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DETAIL FLOWCHART

Store
Item

Number

PROCESS ROUTINE INVENTORY

Yes
Move Item

Number and
Item

Description
to Print

Add
Beginning

Quantity to
Beg Qty Ctr

Add
Amount

to
Beg Dol Ctr

Yes Add
Quantity

to
Sal Qty Ctr

Yes Add
Quantity

to
Pur Qty Ctr

Code
Error

Routine

Add
Sales

to
Sal Dol Ctr

Add
Purchases

to
Pur Dol Ctr

109
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DETAIL FLOWCHART-TOTAL ROUTINE INVENTORY

Move
Beg Qty Ctr

to
Print

Move
Pur Qty Ctr

to
Print

Move
Sal Qty Ctr

to
Print

Move
Beg Dol Ctr

to
Print

Move
Pur Dol Ctr

to
Print

*
Move

Sal Dol Ctr
to

Print

*
Add

Beg Qty Ctr
to

End Qty Ctr

Add
Pur Qty Ctr

to
End Qty Ctr

---1----
Subt

Sal Qty Ctr
from

End Qty Ctr

----i---,
Move

End Qty Ctr
to

Print

Add
Beg Dol Ctr

to
End Dol Ctr

Add
Pur Dol Ctr

to
End Dol Ctr

Subt
Sal Dol Ctr

from
End Dol Ctr

Move
End Dol Ctr

to
Print

Add
Beg Dol Ctr

to
Beg Dol Fnl

Add
Pur Dol Ctr

to
Pur Dol Fnl

Add
Sal Dol Ctr

to
Sal Dol Fnl

Add
End Dol Ctr

to
End Dol Fnl

Move
End Qty Ctr

to
Qty & Bal Card

+
Move

End Dot Ctr
to

Amt Card

*
Move

Item Number
to

Item Number
Bal Card

Move Item
Description to

Item Description
and Bal Card

V
Move Code 1

to Code
in

Bal Card

Head
Routine

I

110

I 1 R

Clear
Necessary
Counters



DETAIL FLOWCHART-FINAL TOTAL ROUTINE INVENTORY

Move
Beg Dol Fnl

to
Print

lir
Move

Pur Dol Fnl
to

Print

lir
Move

Sal Dol Fnl
to

Print

lir
Move

End Dol Fnl
to

Print
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SALES ANALYSISPROGRAM 6

PROGRAM DESCRIPTION

Input:

Card ReaderSales (2), and Salesman master (8) cards

Output:

PrinterSales Analysis Report

Processing:

This program computes previous, current and total sales for each salesman. The sales cards (2) should
be sorted by salesman code and merged with the salesman master cards (8). There should be one master for
each salesman.

Some possible error conditions which can be checked in the program are: sequence, invalid code, and
tales cards with no master card.

Printer Layout:

SALES ANALYSIS BY SALESMAN

SALESMAN
NUMBER

SALESMAN
NAME

PREVIOUS
SALES

CURRENT
SALES

TOTAL SALES
TO DATE

(COUNTERS) (FTP-SAL-CTR)
(CUR-SAL-CTR)
FTC-SAL-CTR J

I TOT-SAL-CTR
FT-SAL-CTR

112



MAIN LINE FOR SALES ANALYSIS

START

Housekeeping

i
Heading
Routine

Card

Read
First

Final
Total

Ill

STOP

Process
Routine
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Move
Salesman
Number to

Store

Move
Customer
Name and
Number
to Print

Add Sales to
Cur-Sal-Ctr
Ftc- Sat -Ctr
Tot-Sal-Ctr
Ft-Sal-Ctr H
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Move
Previous
Sales to

Print

,

H

Add
Previous Sales

To Tot-Sal-Ctr
Ft-Sal-Ctr
Ftp-Sdi-Ctr
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S TOTAL ROUTINE -SALES ANALYSIS

Move
Cor-Sal-Ctr

to
Print

Move
Tot-Sal-Ctr

to
Print

S

Print

4

Clear
Cur-Sal-Ctr
Tot-Sal-Ctr
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FINAL TOTAL ROUTINE -SALES ANALYSIS

Move
Ftr-Sal-Ctr

to
Print

Move
Ftc-Sal-Ctr

to
Print

Move
Ft-Sal-Ctr

to
Print
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ACCOUNTS RECEIVABLEPROGRAM 7

PROGRAM DESCRIPTION

Input:

Card ReaderPayment (7), Balance (6), and Sales (2) cards

Output:

PrinterAccounts Receivable Report

Card PunchNew Balance Card (6)

Processing:

The cards should be in sequence by customer number, but sequence within customer number makes no
difference. There must be one balance card for each customer, but there is no limit to the number of sales
and purchase cards for each customer.

Possible error conditions include sequence in customer number, invalid code, non-numeric fields, and
sales or purchase cards with no master card.

1 I 7
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Printer Layout:

ACCOUNTS RECEIVABLE SUMMARY

CUSTOMER
NUMBER

CUSTOMER
NAME

BEGINNING
BALANCE SALES PAYMENTS

ENDING
BALANCE

(COUNTERS
USED)

BAL-CTR
E - L-FNL

SALES-CTR
SALES-FNL

PAY-CTR
PAY-FNL-CTR

END-BAL-CTR
END-BAL-FNL

1 1 8
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MAIN LINE ROUTINE FOR ACCOUNTS RECEIVABLE

Out of
Sequence

/

( START )

Housekeeping

Heading
Routine

i
Read
First
Card

Read
Card /

Total
Routine

Process
Routine

119
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PROCESS ROUTINE-ACCOUNTS RECEIVABLE

Store
Cust.

Number

Move Cust.
Number and

Cust. Name to
Print

Add Beginning
Bal to
Bal Ctr

Yes

Yes Add Payment
to Pay

Ctr

Code error
Routine

I 20

®
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TOTAL ROUTINE-ACCOUNTS RECEIVABLE

Move Bal
Ctr to
Print

1
Move

Pay Ctr
to

Print

9
Move

Sal Ctr
to

Print

9
Add Bal
Ctr to

End Bal
Ctr

9
Subt Pay

Ctr from
End Bal

Ctr

9
Add Sal

Ctr to End
Bal Ctr

Move Bal
Ctr to
Print

Add Bal
Ctr to
Bal Fnl

Add Pay
Ctr to

Pay Fnl

Move Code
(6) to

Code in
Bal Card

9
Clear

Necessary
CountersAdd Sal

Ctr to
Sal Fnl

9
Add End
Bal Ctr
to End

Bal Fnl

*

Punch
Card

Yes

Print
Line

End
of Page?

Head
Routine

Move Bal
Ctr to Bal

Card

Move Cust.
Number to
Item Cust.
Bal Card

Move
Cust to

Cust
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FINAL TOTAL ROUTINE - ACCOUNTS RECEIVABLE

Move
Balance Fnl

to
Print

Move
Pay Fnl

to
Print

Move
Sal Fnl

to
Print

122



PAYROLLPROGRAM 8

PROGRAM DESCRIPTION

Input:

Card ReaderMaster Payroll (4), Time (5) Cards

Output:

PrinterPayroll Summary

PunchNew Master Payroll (4) cards

Processing:

The time cards should be sc lied by employee number and merged with Master Payroll cards.
The method of computing taxes will be left to the instructor.
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PAYROLL MAIN LINE ROUTINE

Read

Final Total
Routine

Error Routine

Process
Time
Cards

Punch-
Print

Routine

Process
Master
Routine
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MASTER ROUTINE - PAYROLL

Clear
Counters

Move Empl.
Number to

Print

Move Empl.
Name to

Print

Move Reg.
Rate to
Print

Move 0.T.
Rate to

Print

Move Empl
Number to

Punch

r
Move Empl.

Name to
Punch

Move Reg.
Rate to
Punch

Move 0.T.
Rate to
Punch
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Add Gross
Pay to

Counters

*

Add FICA
to YTD
Counter

Add Fed.
with H. Tax

to YTD
Counter

Add State
with H. Tax

to YTD
Counter

Add Group Insur
to YTD
Counter

Add Net Pay
to YTD
Counter

Store Reg.
Rate

Store O.T.
Rate

Store Empl.
Number

1.34



PROCESS TIME CARDS - PAYROLL

Mul. Reg. Hr.
by Reg Rate

Mul. O.T.
Hrs. by O.T.

Rate

Add Reg. Hrs.
to O.T. Hrs.

to get current
Gross

*
Compute
Federal

with H. Tax

Compute
State w. Tax

Add Gross
Pay to YTD
Gross Pay

127

V
Add FICA

to YTD

Add Fed.
with H. to
YTD Fed.
with H.

Add State
with H. to
YTD State

with H.

Add Group
Ins. to YTD
Group Ins.

'NOTE: Method of computing is left to Instructor.



PRINT - PUNCH PAYROLL

Move Gross
Pay to Print

Mo. ve YTD
Gross Pay

to Print

Move FICA
to Print

lir
Move FICA

YTD to
Print

+
Move Fed.

withhclding
to Print

+
Move Fed

YTD to
Print

Move
State

Withholding
to Print

Move State
YTD to
Print

V
Move Group

Ins. to
Print

It
Move Group

YTD to
Print

End of
Page?

Yes Head
Routine

N

Move YTD
Gross Pay
to Punch

Move FICA
to YTD
PUNCH

----*---
Move YTD

Fed W.H. to
Punch

*
Move YTD
State W.H.
to Punch
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s

I

+
Move YTD
Group Ins.
to Punch

1r

Punch

V
Add AU
Totals to
Final Total
Counters

..f:
ill g oh



FINAL TOTAL PAYROLL

Move Cur.
Gross Pay
Final Total

to Print

+
Move Cur.
YTD Gross
Pay Final
Total to

Print

+
Move Cur.
FICA Final
Total to

Print

+
Move C'ir.
FICA YTD
Final Total

to Print

Move Cur.
Fed. with.H.
Final Total

to Print

+
Move Cur.
YTD Fed.

With.H. Final
Total to Print

Move Cur.
State With.H.

Final Total
to Print
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Move Cur.
State YTD
Final Total

to Print

+
Move Cur.
Group Ins.
Final Total

to Print

+
Move Cur.
YTD Group
Ins. Final
Total to

Print
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FOIL #2

Digits Letters

0123456789 ABCDEFGH JKLMNOPORSTUVWXYZ

00000000
12 3 4 S6 11
111 111 11

46

2 2 2 2 2 2 2 2 2 2 0

3 3 3 3 3 3 3 3 3 3 3 0 , :

11441441441404

5 5 5 5 5 5 5 5 5 5 5 5 5 , 1

6 6 6 6 6 6 6 6 6 6 6 6 6 6 1

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 n

118881118681181111

99999999999999999
123416716161112014A169

00000000
esnhnnann
1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2 2 1

3 3 3 3 3 3 3 3 3 3 1 : : ,

4444444444404

55555555555n111

66666666666601

7 7 7 7 7 7 7 7 7 7 7 7 7 7 11'

1118111 oussesoll
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
6212122232425212521211031323334

S

6

i

1

7 7 7 7 7 7

1111111

44

3

4 4 n

5 5 51:11

666601

777770

666666

Special
Characters

& a-$ % #e

11

U0 0 0 0 0 0 0 0 0 0
IMUSSMPUSIOMO
1111111111

, 2 2 2 2 2 2 2 2 2 2

: 3 3 3 3 3 3 3 3 3 3

444444444441

1 5 5 5 5 5 5 5 5 5 5

166666666661

177777777771

111881111110

0

65

1

2

3

4

51

61

71

12 Punching
Position

11 Punching
Position

0 0 0 0 0 0 0 0
nmsnmsno
11111111

2 2 2 2 2 2 2 2

3 3 33 3 3 3 3

44414444

5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6

7 7 7 7 7 7 7 7

186618111

99999999u999999909999999999999999999999999999
ununommodammumumussmosommuumdsummonnnmnnmma
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FOIL #3

GENERAL MANUFACTURING COMPANY
ENDICOTT, N. Y.

CUSTOMER'S ORDER

SOLO TO

SHIP TO

SHIPPED VIA

TERMS

NO 311

New Mexico Company
216 Wysor 3uilding
Houston, Texas

Above

Truck Prepaid

INVOICE DATE 12-31

Make all cheeks
payable to

INVOICE NO. 12349

CUSTOMER NO. 59751

SALESMAN Macy -67

GENERAL MANUFACTURING COMPANY
Endicott. N. Y

2% 10 Days Net 30

QUANTITY COMMODITY No. OtSCNIATION AMOUNT

Casters

4o 11202 Sq. Shank Swivel .83 33.20

75 13102 Flat Top Rigid .84 63.00

5 17203 Ext. Shank with Brk. 1.62 8.10

2 32105 Bolt and Nut Shank 2.64 5.28

4 44104 Rnd. Spr. Ring Stem 3.51 14.04

4o 62110 Bolt and Nut Shank 7.25 290.00
Freight .78

414.40

/
00000000000000000000001400000000000000000000000000000000000000000000004000900400
11)4SIIIIIII0114440412211122nNaral*MMITUUNX2VANduuum4464.4.050$1,2MM451$754HWVUUMUNWOMMIIMnunitIOWIK
11111111111111111111111,11111111101001111101111011001111111110011111111.0111111111

222222222:2222222227222222222222222

3

4

5

NEW MEX CO 597514114396813061123M123490004Q1120a0003320I-

Q 0 0
CUSTER IISSIb

CUST
NO.

Je.-
ST 41113" wgpg, I dX 12411"MO. I "'NO. QUANITT/

-JON ITEM
AMOUNT

INVOICE
°AMOUNTCITY DM

3333333330333333333

4444404444444444440

500555055555505505555555555555555555555555555555555555515555555155

6 60 6 6 6 66 60 6 6

1 1 1 1 7 70 1 1 1 7 1

9 ? NI!V M!

6 6 6 6 6

) 10 1 1

UN!mR

6

1

!Pen

22222222222212220222222222202022222022222e22

33033330331130333033333333333333300133333331I

40444444444444444404444044444444444444444044
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1 1 1

W

1 1 1

66

7 1

?.«
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1 10
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6

1 1

9n

6 6

1 1

VW4

6 6 6 6 6

1 1 1 3 1

IV..nn.?1isW.

6 6 6 6 6

1 1 1 1 11

i

6 6 6 6 6

1 1 11
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I

1

I

6 6 6 6 616 6
I

1 1 1 1 111 11

in

I

33

I

i
6 6 6 6 616 6

1

1 1 11I1 1

V ?! nin 1

SALES

ACCOUNTING

6 6 6 6 6 6 66 6 6 6 6 6 6 6 66

1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1'

1118181181811818888181183881888188818888810888188188888818818881181188881118888888:88

! / !!! ! ?! 9 9 !? ?! ??. 4 7 ?.1
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44 40 41 42 43 32 33 20 45 34 39

FOIL #4

10 11 12 24 25 26 36

SHIFT KEY

Ili 1 Jilt Iljl IC
SPACE BAR

NUMERICAL KEYBOARD SHIFT KEY
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FOIL #S

n

0 0 0
1 2 1

1 1 1

norm 'mann
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OILUITITY
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6 6 6 6 6 6 6 6 6
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.Normal
Code Function

Alternate
Code

12 Field Definition 4
11 Start Auto Skip 5
0 Start Auto Luplication 6
1 Alphabetic Shift 7
2 Left Zero Print 8
3 Print Suppression 9
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ROLLERS MOVE CARDS THROUGH CHUTES TO THE POCKETS

CHUTE BLADE

O

9 8

4e.-ROLLER0 0 0
O O

6

O

A CHUTE OPENS AS SOON AS THE PUNCH IS READ

12 R

THE SORT BRUSH READS ONE COLUMN AT A TIME

CARD/

135

SORT BRUSH
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FINGER
LEVER

SORT BRUSH

FOIL #7

COLUMN
INDICATOR

-..SOLUMN

NUMBER

COLUMN
SEL ECTOR

.--- HANDLE
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IBM

4

a

2

A

a

C

G

K

AA

AB

AC

AD

AE

FOIL #8
IBM 548, 552 INTERPRETERS, CONTROL PANELS

IBM 548 CONTROL PANEL

/ 2 3 4 5 6 7 8 9 10 // 12 13 14 15 16 17 18 19 2C 21 22

O 0 0

O 0 0

O 0 0

O 0 0

5 READING BRUSHES 15 20
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25 30 35 40
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

45 50 55 60
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

65 70 75 80
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

X LLIMINATORS 2

I I I I COMMON

6 6
0-9

O 0 0 0 0 0
1I - 12

O 0 0 0 0
1

O T 0 0 0 0

O N 0 0 0 0

O C 0 0 0 0

I I I I I I I I LI
6 6
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0 0 0 0 0 0 0 0 0 0
11-12

O 0 0 o 0 0 0 0 0 0 0
2 SELECTORS 3

OTO 0 0 0 OTO 0 0 0

O N 0 0 0 0

0 C 0 0 0 0

0 N 0 0 0 0

0 C 0 0 0 0

0-1.0

1111 X 2

O o 0 oi
O 0 0 0

4
0 T 0 0 0 0 00

5
2ONO 0 0 OLC O---0

P
30 C 0 0 0 0 U 0---0
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I 11111111"1"FYIIIIIIIIIII.°
40 I

0 I 0

0 2
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45 So 55 60

11111111111111111111 004500
0

0

WIRE FROM ZERO ELIMINATION PRINT ENTRY

0 0

0 0

0

0

0

0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0

0

0

0

0

0

0

0

0

0
PLUG LEFT POSITION OF (ACM GROUP

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PLUG ALL OTHER POSITIONS OF EA:14 GROUP

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

P RINTING POSITIONS

manrantmoiniom I ITICICJULUO LEJLInatilILIIALJUJUIJUDEIILIJOCLUEIJULJULILLILLJLILJULLIULJU 11111.1111LIJU LLCM

1111111111OMMININIIMIMMIMIIIMIIMMIMINIMMIMMIIIMIIMINIMINU MMMMMM

11111 1111111111111111111111111 1 1 1 111111111111111111 11111111111111 1111111101
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PRINT ENTRY

CONTROL PANEL FUNCTION
548 INTERPRETER

FOIL *9

CONTROL
PANEL
WIRE

138

CONTROL PANEL



0
X

-E
LI

M
IN

A
T

O
R

/C
O

LU
M

N
 S

P
LI

T

12
-1

1 
T

IM
E

C
O

M
M

O
N

0-
9

12
-1

1

0-
9 

T
IM

E

C
O

M
M

O
N

0-
9

12
11

0
1

2
3

4
5

6
7

8
9

T
R

A
N

S
F

E
R

 M
A

D
E

 A
T

 T
H

IS
 T

IM
E



FOIL # 11

I

II

III 0 COMMON
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FOIL *12

0 0 0 0

SELECTOR (NORMAL)

COMMON/NORMAL HUBS CONNECTED

0-0
SELECTOR
PICK UP

C.
0 0 0 0 0

*J5ssi.,
SELECTOR (TRANSFERRED)

COMMON/TRANSFERRED HUBS CONNECTED

044'.
SELECTOR

PICK UP
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X-BRUSH

548 INTERPRETER
FOIL # 13 0

INTERNAL WIRES

0 0 0 0 0 0
0 0 0 0 0

CONTROL
PANEL
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2 3 4 5 6 8 9 10 II 12 13 14 IS 16 a 18 19 20

5 REPRODUCING BRUSHES 15 20O 0000000000000900000
25 30 35 40

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 50 55 60

o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 70 80

O 0 0 0 0 0 0 0 0 0 0 0 0 050
0 0 0 0

11 SPLITS- -1 D P BL COL DETECTION COLUMN
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 20 0-9
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

P EMITTER 1 2 3 4 COM 7 5 9 109 G
O 0 0 0

1 0

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0
11 12-1CTR COL RX PX PDRD

O 0 I 0 0 0-0 0 0-0 0
X BR --TM X.-O & X READ

10 20 30 40 50 I 00 0 0 0
PUNCH 20S MAGNETS 15

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 30 35 40

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 50 55 60

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 70 75 AO

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P X BR S 14I M. S. BRUSHES 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5

11 PUNCH 20BRUSHES 15

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 30 35 40

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 50 55 60

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 70 75 BO

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SELECTOR 1 SELECTOR 2

o x o 0 0 0 0 0 0 OX0 OX0 0 0 0 0 0 0 OX0

ONO 0 0 0 0 0 0 ONO ONO 0 0 0 0 0 0 ONO

0 C 0 0 0 0 0
15 SUM

0 0 OCO
PCH

OCO 0 0 0 0 0 0 OC 0
R T X CTRL OR M S. BRUSHES 27 R P T

0 X O 0 0 1 0 0 2
+ -

COMP
0 0 3 0 0 4

MAG FROM
0 0 5 0 0 4 0 0 70 1 OX0 0

+ - 1PUNCH BRUSHES 20
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25 30 35 40
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1
COMP MAG OR CTR TOT. EXIT OR M S. IN r0 24 0 I 0 28 0 : 0 5 0 4A 0 0 : 0 9 0 4 8 0 0 ; 0 13 0 0 " 0 0 0 ! 0190

AA- L J L J 441

10 0 680 0' 0250 0 08A0 0 0 0 : 0 330 0 0810 0 0 0 2
S A COMP. MAG FROM

0

o 0 0 0 0 0
COMPARING BRUSHES S

0 0 0 0 0 0 0 0 0 00 0 0 0
25 30 35 40

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-- - -+- - - -COMP MAG. OR CTR TOT EXIT OR M. S. OUT-----T-----
0 2C0 : 020C : 04504E0 0 : 0490 400 0 :0530 ORCO 0 0 10510M-- 4.- -1 L .1 a

OA

1 0 04450 0 { 0450 0 COCO 0 0 0 1 0 730 0 000 0 0 02
3 5 0COMPARING BRUSHES IS S

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 30 35 40

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 SO 55 60

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V
65 rs 75 BO

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SIDE VIEW

H

0
P

EP

R

514 REPRWUCER SCHEMATIC

REPRODUCING
BRUSHES

PUNCH
MAGNETS

FOIL # 17

ST

A
C
K
E

R

TOP VIEW

1

REPRODUCING BRUSHES

-----fal.

PUNCH MAGNETS
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SIDE VIEW

514 REPRODUCER SCHEMATIC

11i1 11 ell
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REPORT FORM

FORM ROLLER -

HOPPER

SECOND
READING
BRUSH

SOURCE

TYPEBAR

HAMMER

,

1:7--. STACKER

THIRD READING BRUSH \

FEED UNIT AND PRINT UNIT
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FOIL #25

0

Z - - 9-DIGIT POSITION

- 8-DIGIT POSITION

X - - 7-DIGIT POSITION

-1 o 1.---- -FY - 6-DIGIT POSITION

1 N F---- v __5-DIG1T POSITION

M I- U - - 4-DIGIT POSITION

-I K I-

Blank

J

T -- 3-DIGIT POSITION

- - . S -- 2-DIGIT POSITION

1-DIGIT POSITION

- 0-DIGIT POSITION

--i&J----- -E___ ZONE ZERO

ALPHAMERIC TYPE BAR
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2nd READING
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3rd READING
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READ SCHEMATIC
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CARD READING

1

CARD INSULATING BRUSH FROM ELECTRICALLY CHARGED ROLLER

II

BRUSH CONTACTS ELECTRICALLY CHARGED ROLLER

III

CARD INSULATES BRUSH FROM ROLLER
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CARD HAS JUST ENTERED THE THIRD
READING BRUSHES AND IS BEING
READ IN THE 9TH ROW.

THIRD READING BRUSH

NUMERICAL TYPEBAR

HAMMER

CARD

STEP 1

TYPEBAR IS
MOVING UP

CARD MOVES ON

FOIL #28

CARD IS NOW BEING READ IN THE
7TH ROW AND A PUNCH IS DETECTED

HAMMER STRIKES 7

Le ----NJ
STEP 3

NUMERICAL TYPEBAR OPERATION
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THIRD READ
CARD

THIRD READ

SECOND READ...--

ZONE IS READ AND PUNCH
IS DETECTED AT 2ND READ
(IT'S AN 11-PUNCH)

STEP 1 1___._ _......1

THIRD READ

SECOND READ

CARD HAS MOVED TO THE
THIRD READING BRUSH
AND IS BEING READ

SECOND READ4 THIRD READ

STEP 2

TYPEBAR MOVES
UP AS CARD ROWS
MOVE PAST THIRD
READING BRUSHES

PUNCH IS DETECTED
IN THE 6TH ROW

TYPEBAF, STOPS
AT 6-DIGIT
POSITION FOR
ZONE 11, WHICH
IS THE LETTER "0

6
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13(7SECOND READ

CARD MOVES ON

STEP 4

HAMMER PRINTS
LETTER "0"

ALPHAMERIC TYPEBAR OPERATION
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TRANSFERRED

NORMAL

COMMON

SELECTOR SCHEMATIC

NORMAL CONDITION

FOIL #34

SELECTOR
PICK UP

ELECTRO MAGNET
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NORMAL

COMMON

SELECTOR SCHEMATIC

TRANSFERRED CONDITION

o

FOIL #35

PICK UP
SELECTOR

NOTE:

IMPULSE° ONLY ACTIVATES ELECTROMAGNET
IT DOES NOT HAVE A PATH TO THE TRANSFERRED
OR COMMON HUB.
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SHORT
HAMMERLOCK LONG

HAMMERLOCK

HAMMERLOCKS IN
NORMAL POSITION

LONG HAMMERLOCK RAISED
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EXPENSE DISTRIBUTION
BY DEPARTMENT OR BRANCH

DEPT.

OR

BRANCH

ACCOUNT No. OUR

INVOICE

NUMBER

DATE

AMOUNT AMOUNT NY ACCOUNT
AMOUNT

SY DEPT. OR SRAMCNUM
MO
UM MO. DAY

82 431 112 12066 12 10 30000
82 431 112 121.53 12 28 30000

60000*
82 431 11. 1.2066 12 10 15000
82 431 113 1::066 12 10 15000
82
82

431
431

113
113

12066
12153

12
12

10
28

12500
15000

82 431 113 12153 12 28 15000
82 431 113 12153 12 28 12500

85000
82 431 114 12066 12 10 5000
82 431 114 12066 12 10 7500
82 431 114 12066 12 10 50.00
82 431 114 12153 12 28 5000
82 431 114 12153 12 28 5000
82 431 114 12153 12 28 750035000
82 431 520 12149 12 28 3604336043
82 431 700 12082 12 14 2:25225
82 431 750 12003 12 ot 100.00

10000
82 431 810 12112 12 18 70207020
82 431 850 12043 12 07 2475

24.75* 235763
82 432 841 12151 12 28 1792:86

1792186
1.792'86

4150149

FIGURE 20A. DETAIL PRINTED REPORT

EXPENSE. DISTRIBUTION
BY DEPARTMENT OR BRANCH

ON

NANCE

ACCOUNT No OUR

NIVOICR

MUMS*

OAT(
AMOUNT

-
YN
usa

OM
tom SO DAY

82
82

4
.431

31 112
113

60000
85000

62 431 114 35000
82 431 520 36043
82 431. 700 2'2 5
e2 431 750 10000
82 431 810 7020
82 431 850 2475
82 432 841 1792.86

IAMOWit ST WOW, AMOUNT
SY MT. ON MAWR

GROUP PRINTED
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2B-4A
COUPLED

FOIL #41

COUNTER CONTROL PLUS

4o 8? 8o 2? 2o 60
1

21 2 61 6 6 4 40 8 8o
AV A B A B0 A B0 qDo Co D C D0 CD

MINUS°vl

A2I

inUr c4L___

Nri Ini
vl

6I 61a;po4q :I
Be!)

8I 8 21 21 61 6o 41 41 8 8o
Do C D C Do

TRANSFER AND S. P. X CTRL. PLUS-I---
o 0 0 o 0 000 0 010 0 o 0 0

I

TRANSFER AND S. P. X CTRL. MINUS
0 0 0 0 0 o o 0 ol000

COUNTER EXIT SUPPRESSION

6 6 4 4 8 8 2 2 6 6 4 4 8 8III1 1AB A B ABCDCDCD CD
NEGATIVE BALANCE TEST EXIT

0 0 0 0 o;oco o
i
o oo 0 0 0

1A BA BoABCDCDCDCD6 6

NEGATIVE BALANCE CONTROL

2 2 1 1 4 4° 8 8/ 2 2 6 6 4 4 8 8

AB1
1

0 0 01

CI CARRY EXIT

20 2 6
IV.o oe4 o o!o 0 ol

64, j C CARRY ENTRY
A 804alo Bo A srB 0 0 : 0 0 0 11

0 0 o 0 0 0
6 4 4 8 8

o Do Co Do Co Do
CR SYMBOL EXIT

0 0 0 0 0 0 1 0 0 o 1 0 0 0
I

TOTAL
1

6 4 4o 8° 8° 2
160 6o 40 40 80 8o

BA B0 Ao B o
CDCDCD CD

1

1 .000000
.... 1

1 .

0

0 0 o7
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FOIL #42

CC 25-29

CLASS SELECTION (PRINT CC 25-29 IN EITHER TB 5-9 OR 55-59)

TB 25-29

I
I

xxxxx
I

I
I

\..._.I

CC 5-9 CC 65-69

FIELD SELECTION (PRINT CC 5-9) OR CC 65-69)

SELECTOR USE 548
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FOIL #43

CONTROL TAPE AND SINGLE HEADING FORM

GLIVE

,ar.Seas. aaaaa

110

a
0

IL11MI1111

PINUP42 A 0
ICI umnen

1 11

STATEMENT

GENERAL MANUFACTURING CO.
ENOICOTT N Y

AI/

z,--4 aa

IN ACCOUNT WITH

... A 8 SMITH & CO
1 0 2 5 E MAIN ST
DAYTON OHIO

M O DAY

5 0 1

Y.

0 1

COOES
I CASH
2 OirruRN
1 ALLOAANCL

DATE
REFERENCE CODE CHARGES CREDIT

MO DAY

3 1 2 2 1 0 4 6 2 0 615 0
4 2 2 8 5 2 2 1 3 4 6 2
4 1 0 5 0 9 6 2 0 6 5 0

BALANCE DUE 1 3 4 6 2

22" MAXIMUM LENGTH
OF FORM

1. Channel 1-First Printing Line Stop.

2. Channel 2-First Body Line Stop.

3. Channel 1 2- Overflow Start

4. Channels 3 to 11-Normal Stops.
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COMPARISON OF NUMBERING SYSTEMS

Decimal Binary Octal Hexadecimal

0 0 0 0

1 1 1 1

2 10 2 2

3 11 3 3

4 100 4 4

5 101 5 5

6 110 6 6

7 111 7 7

8 1000 10 8

9 1001 '11 9

10 1010 12 A

11 1011 13 B

12 1100 14 C

13 1101 15 D

14 1110 16 E

15 1111 17 F

16 10000 20 10

17 10001 21 11

18 10010 22 12

19 10011 23 13

20 10100 24 14
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PROCEDURES IN PROGRAMMING

1. DEFINE THE PROBLEM

A. INPUT/OUTPUT

B. SCOPE OF THE PROBLEM

2. FLOWCHART

3. CODE SOURCE PROBLEM

4. KEYPUNCH SOURCE DECK

5. ASSEMBLE OR COMPILE

6. DEBUG LANGUAGE ERRORS

7. TEST

8. DEBUG LOGIC ERRORS

9. DOCUMENTATION
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